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SUMMARY 
The present thesis embodies information on the influence 
of dietary components on the growth and blood profile of the 
commercially important freshwater siluroid, Heteropneustes 
fossilis Bloch. Although fish growth is known to be influenced 
with dietary components, as also with the levels of nutrient in 
the diet, such variations in their blood profil? have not been 
looked into in detail. The findings indicate that the blood 
respond more quickly to some of th^ a-j^ ietary deficiencies than 
the conventional growth parameters and that Ichthyohaematology 
may provide important tools for evaluating the performance of 
artificial diets in fish culture. 
Protein is by far the most expensive and essential component 
in artificial fish feed essential for growth. The effect of this 
important dietary component on the growth and haematology of 
S* fossilis has been worked out using casein-gelatin test diet. 
Growth was maximum at 40X dietary protein intake but got supp-
ressed both at lower (20X) and higher (60^) levels of protein 
in the diet. The changes in the haematological profile of the 
fish indicate that most of the haematological values were adver-
sely affected by increased intake of protein beyond 40^ level. 
Of the various blood parameters, haematocrit seemed to be more 
significantly affected with higher protein level. Maximum values 
of haemoglj^bin concentration, haematocrit and erythrocyte count 
were observed at 40X level, while the erythrocyte sedimentation 
rate registered its lowest at this level of dietary protein. 
Anemic and hypercholesteremic conditions were evident in fish 
on low (20X) and high (6oX) dietary protein intakes. 
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The use of low-qual i ty s laughter house products as wet 
d i e t s i s s t i l l being preferred for economic cu l t i va t i on of 
ce r t a in f in f i sh spec ies . The present study i n d i c a t e s tha t 
H, f o s s i l i s covild be reared on fresh wet d i e t s such as low 
qual i ty minced meat, l i v e r , spleen and o f fa l , and tha t su f f i -
cient growth could be obtained even with low pro te in d i e t s . 
The growth of the f ish was, however, found affected with the 
composition of d i e t , p a r t i c u l a r l y with the pro te in l eve l and 
the protein:energy r a t i o of the d i e t . The minced meat d ie t 
with IdX p ro te in and a protein:energy r a t i o of 11 mg pro te in / 
kcal gave the best conversion and growth of the f i sh whereas 
the lowest growth was obtained with the offal diet t ha t con-
tained the lowest (7X) pro te in and a protein:energy r a t i o 
(5 mg p r o t e i n / k c a l ) . The requirement of ca lo r i e s to produce 
a kg of f ish was minimum with the minced meat d i e t . Likewise, 
most blood parameters, with the exception of erythrocyte sed i -
mentation r a t e , were found pos i t i ve ly r e l a t e d to d ie ta ry prote in 
in take . Hypercholesteremic condit ion occurred in f i sh fed 
i 
chopped l i v e r d i e t . Mean corpiiiscular constants were almost 
vmaffected by the wet d i e t s . ' 
Minerals as non-energy n u t r i e n t s are e s s e n t i a l l y required 
by f i sh for var ious body funct ions . In tens ive cu l tu re of c e r t a i n 
f i sh species in man-made ponds and raceways, toge ther with depen-
dence on a r t i f i c i a l feeding, make i t necessary to incorporate 
adequate q u a n t i t i e s of mineral n u t r i e n t s in the feed. The l eve l s 
of s a l t mixture contained in semi-synthet ic d ie t fed t o the 
s i l u r o i d , H. f o s s i l i s a l t e red the growth of t h i s spec ies . Using 
McGollums s a l t mixture no,185 f o r t i f i e d with t r ace elements, the 
optimum leve l of s a l t required by the f i s h , reared under labora-
tory condit ion was noted to be 4/f. At t h i s l eve l of s a l t incor -
porat ion the f i sh showed the best growth in terms of conversion 
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efficiency and specific growth ra te . Levgis of s a l t mixture 
below ^'l, seemed unsufficient to meet the nmeral n u t r i t i o n a l 
requirements of th i s species. Similarly, >^igher d ie ta ry sal"' 
levels suppressed fish growth. Blood profile of f ish also gc i. 
s ignificantly altered with varying salt levels in d i e t . Maximal 
values of haemoglobin, erythrocyte count an^  haematocrit obtained 
at 4X level of sa l t intake were accompanied vri.th lower vaJ.ues for 
these parameters above and below th i s level . Low values of mean 
cel l volume and mean cel l haemoglobin in individuals fed the 
sal t -def ic ient diet caused anemic condition in f i sh . Erythrocyte 
sedimentation rate decreased with the salt level up 'to ^% but 
increased at higher levels . The serum protein and cholesterol 
levels of fish also got altered with the levels of dietary sa l t 
mixture, the serum protein increased with salt incorporation 
up to ^% in the d ie t . 
Iron i s another important mineral reqiiired by f ish. 
Specific deficiency symptoms appear in fish if t h i s mineral 
i s lacking in d ie t . Growth and food conversion efficiency 
of H. f o s s i l i s was found affected by the deletion of iron 
from the diet but improved s l ight ly with supplementation of 
t h i s important mineral. The influence of iron deficiency 
in the diet was reflected by marked changes in the haemato-
logical character is t ics of the f ish. The haemoglobin, 
haematocrit, erythrocyte count and mean corpuscular constants 
showed significant f a l l in fish fed the iron-deficient d ie t , 
whereas the sedimentation rate registered an increase. The 
fish showed evidence of hypochromic microcytic anemia as dietary 
iron-deficiency symptom. A slight f a l l in serum cholesterol 
was observed in fish supplied with the iron-deficient d ie t , 
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though serum protein was found almost unaffected. 
Calcium and phosphorus have been demonstrated to play 
an important role in fish nutrition. The levels and ratios 
of these macro minerals in diet contribute substantially to 
the performance of the feed vis-a-vis fish growth. During 
the present study the catfish, H. fossilis, fed different 
levels of phosphorus with fixed level of calcium, revealed 
significant variations in their growth and haematological 
features. The growth rate was found positively related to 
the levels of dietary phosphorus. Feeding fish with diets 
containing lower levels of phosphorus resulted in reduced 
growth and low conversion efficiency. The haematocrit 
increased with dietary phosphorus levels, while the erythro-
cyte sedimentation rate registered a marked decline. Dietary 
phosphorus levels also affected the muscle ash, and calcium 
phosphorus contents of blood serum and muscle tissue of fish. 
These constituents increased with dietary phosphorus, reaching 
the maxima at 0.7X level of phosphorus incorporation. The 
available phosphorus level in diet producing the maximal growth 
was found to be 0,1'/,, whereas fish receiving diets with lower 
phosphorus levels grew poorly. 
Influence of starvation and refeeding was also examined 
on the hepatosomatic index, growth pattern and haematology of 
H. fossilis. The starvation over a period of 4 ,weeks produced 
marked changes in the hepatosomatic index and haematological 
characteristics of the fish. A significant fall was evident 
in the haematocrit and haemoglobin concentration of fish during 
later phases of starvation. Although the erythrocyte coiont 
remained more or less constant, the leucocyte count declined 
successively with the progress of starvation. The erythrocyte 
sedimentation rate, however, showed a rapid increase towards 
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the end of starvation. The mean corpuscular constants showed 
pattern of changes similar to that of haemoglobin and haema-
tocrit. -The blood and serum protein values fell rapidly after 
an initial increase whereas the serum cholesterol content showed 
successive fall with starvation. On refeeding the 28 days 
starved fish, liver and body weights began to approach normal 
values within 21 days, subsequently the fish registered the 
maximum specific growth rate and best conversion efficienty. 
Similarly, the various blood parameters attained almost normal 
values within 21-28 days of refeeding. The catfish, H. fossilis. 
thus not only survived starvation but exhibited a considerable 
compensatory mechanism with respect to its haematology. 
Feeding different levels of dietary lipids influenced 
the growth, feed conversion efficiency and haematology of the 
above siluroid. A limited improvement in grovrth and the conver-
sion efficiency was noticed with higher levels of dietaiy lipid 
intake. There was, however, a greater deposition of fat in the 
muscle of the fish fed higher lipid levels in diet. The haema-
tological characteristics of the fish was also found affected 
with different levels of dietary lipid. The erythrocyte count 
and the erythrocyte sedimentation rate increased with higher 
lipid intake, whereas the haemoglobin, haematocrit and white 
blood cell count showed a decline. A marked decrement was also 
noted for mean corpuscular constants and serum protein content 
of the |ish fed the higher lipid content diet. The serum 
cholesterol content, on the other hand, increased with the 
dietary lipid. 
Growth and blood profile of H. fossilis were also found 
affected by the nature of dietary lipid source. Maximum growth 
and better conversion efficiency were observed in fish fed diet 
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containing a mixture of cod liver and com oils as the lipid 
source?. A slight suppression in growth was evident in fish 
fed the cod liver contained diet but growth of the fish was 
much lower with vegetable oils as the lipid sources in diet. 
The haematological parameters also seemed considerably affected 
with various dietary lipid sources. Maximal values of haemo-
globin, haeraatocrit and erythrocyte count occurred in fish fed 
diet containing cod liver and corn oil mixtiire, thovigh a 
distinct fall in the above haematological parameters was evident 
in fish fed the vegetable oil contained diets. The white blood 
cell count and mean corpuscular constants seemed more or less 
xuiaffected with dietary lipid sources. Increased erythrocyte 
sedimentation rate was, however, noticeable in fish fed the corn 
oil and linseed oil contained diets. The serum protein content 
was maximum in fish fed diet containing cod liver oil as the 
sole dietary lipid source. Higher cholesterol level was encoun-
tered in fish supplied with diets containing vegetable oils as 
dietary lipids. Serum cholesterol declined in fish fed the 
cod liver oil contained diet. 
The findings on H. fossilis which provide the basic data 
on certain aspects of its haematology and growth vis-a-vis 
nutrition would be useful in the development of artificial feeds 
for this species, as also in testing the efficiency of such 
feeds under various culture condition. 
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GENERAL INTRODUCTION 
GENERAL INTROIXJCTION 
Gix)wth, a r e s u l t of food i n t a k e , a s s i m i l a t i o n and i n c o r -
p o r a t i o n i n t h e body, i s known t o be i n f l u e n c e d in f i s h by-
s e v e r a l f a c t o r s of i n t r i n s i c n a t u r e such a s a g e , s i z e , s ex and 
gonadal m a t u r a t i o n , b e s i d e s s e v e r a l of t h e e x t r i n s i c f a c t o r s 
l i k e envi ronmenta l c o n d i t i o n s . A l a r g e number of i n v e s t i g a t i o n s 
i n t h e p a s t were concerned wi th t h e e f f e c t of many of t h e above 
f a c t o r s on f i s h growth (Weather ley , 1976; B r e t t , 1979; David 
and Coutant , 1981; E l l i o t t , 1982; S p i g a r e l l i e t a l . , 1982; and 
(Joolish and Adelman, 1 9 8 4 ) . I t i s only i n r e c e n t y e a r s t h a t 
g r e a t e r e f f o r t s have been d i r e c t e d t o g a i n b a s i c knowledge on 
the growth response of f i s h to f eed ing reg imes , feed adequacy, 
d i e t a r y components and t h e i r a l t e r a t i o n s i n an a t tempt t c 
fo rmula te n u t r i t i o n a l l y adequa te and c o s t - e f f e c t i v e a r t i f i c i a l 
f e e d s , a key problem i n a q u a c u l t u r e . Since f i s h p r o d u c t i o n , 
p a r t i c u l a r l y in i n t e n s i v e and s e m i - i n t e n s i v e c u l t u r e system, 
i s t i e d more to feed q u a l i t y and q u a n t i t y v i s - a - v i s n u t r i t i o n 
of the s p e c i e s concerned, g r e a t e r emphasis i s being paid t o 
f i n f i s h n u t r i t i o n and d i e t f o r m u l a t i o n . The i n c r e a s e i n 
l i t e r a t \ i r e summarized in s e v e r a l r e c e n t rev iews i s an i n d i c a t i o n 
of r a p i d l y growing i n t e r e s t i n t h e s u b j e c t (Cowey and Sa rgen t , 
1972; 1979; Ha lver , 1972, 1979, 1982; Hashimoto, 1975i 
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Hepher and Gaudet, 1975; Lovel l , 1977, 1980; Smith and Rumsey, 
1977; Rumsey, 1978; Cas t e l l , 1979; Cowey and Stevenson, 1979; 
Ghi t t ino , 1979; Nose, 1979; Ogino, 1979; Tone, 1979; Hex)her 
and Prugenin, 1981; Jauncey, 1982a; Jaimcey and Ross, 1982; 
Mi l l ik in , 1982a; Watanabe, 1982; Coelho, 1983; Hogendoom, 1983; 
NAS-NRC, 1983; and New, 1986). More recen t ly , Crampton (1984) 
has s t r e s sed the app l i ca t ions of n u t r i t i o n a l finding to formulate 
p r ac t i c a l d i e t s of f i s h . A number of s tud ies r e l a t i n g to 
supplementary feeding, a r t i f i c i a l d i e t s , d i e t a ry components, 
growth and production of f i s h have been c i t ed in the above 
reviews. 
Among the n u t r i e n t components of f i s h d i e t , p ro te in i s by 
far the most important n u t r i e n t , being e f f i c i e n t l y u t i l i z e d by 
most f i sh and e s s e n t i a l l y needed for growth and o the r body 
funct ions . In recent years the re has been a rapid accumtilation 
of knowledge on prote in n u t r i t i o n of f i sh with gross p ro te in 
requirements worked out for a ntimber of f i sh species (Sabaut 
and Luquet, 1973; Sat ia , 1974; Cowey, 1979; Mazid ejt al., 1979; 
Kanazawa et a l . , 1980; Anderson ejb a l . , 1981; Yang e^ a l . , 1981; 
Corazon £ t a l . , 1982; Pfeffer , 1Q82; Wee and Tacon, 1982; Aral 
and Nose, 1983; Wilson, 1984;Wilson and Halvey, 1986 ) . I t has 
been emphasized that l eve l s and qual i ty of p ro te in and the r a t i o 
of pro te in to other d ie ta ry n u t r i e n t s can g rea t ly a l t e r the 
growth pa t te rn of f i s h . Several workers have attempted to 
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evaluate the effect of different dietary protein levels on 
•growth and feed efficiency in a number of fish species 
(Jauncey, 1982b; Millikin, 1982b; Aizam et al., 1983; Winfree 
and Stickney, 1984; Degani e;t al., 1985; DeSilva and Perera, 
1985; and Wang et al,, 1985). 
The use of lipid as a source of energy in fish diet has 
been recognised for many years. Formulation of high-energy 
production diet, especially in dry pelleted feed, depends 
heavily on economical energy provided by fats and oils, the 
nutrients also having a sparing action on protein. Many reviews 
on finfish nutrition contain information on lipid requirement 
(Stickney and Lovell, 1977; Watanabe, 1982jand New, 1986). 
Most work on lipid requirements of fish has been dealt with 
salmonids and detailed information is still lacking on the 
dietary lipid requirements of many warmwater fish species. It 
has, however, been assumed by many workers that fish require ^ 6 
fatty acids. Many researchers attempted to supplement fiah 
diets with vegetable oils such as corn, peanut or sunflower 
oils which were rich in linoleic acid. There is evidence that 
pol3run3aturated fatty acids (PUPA) of theco^ series, present 
in relatively large concentration in fish oil, play the role 
of essential fatty acid (EFA) for fish. It is also presumed 
that while coldwater fish have a greater nutritional require-
ments for (A), fatty acids, the EFA requirement of some fresh-
- 4 -
water f ish can be s a t i s f i ed by a mixture of COg plus 6 0 , . The 
e f fec t s of d i f f e ren t l i p i d sources and t h e i r l eve l s on growth 
and feed eff ic iency have been evaluated in some f i sh species 
(Austreng, 1979; Dupree e t a l . , 1979; Rein i tz and Tu, 1981; 
Watanabe et a l . , 1981; Oda and Murata, 1982; Watanabe, 1982; 
Dosanjh £ t a l . , 1984; Har t f i e l e t a l . , 1984; and Stickney smd 
McGaachin, 1984). 
I n t e r e s t has also been centered in the recent past to 
mineral n u t r i t i o n in f i s h as these non-energy n u t r i e n t s are 
e s s e n t i a l l y required by f i s h fo r various body func t ions . As 
components of blood pigments, enzymes and organic compound in 
t i s s u e s and organs, some of the minerals are indispensable fo r 
e s sen t i a l metabolic processes . However, the prominence of 
each mineral element in body t i s s u e seems c l ea r ly r e l a t ed t o 
i t s functional r o l e . Although f i sh can absorb some minerals 
from water, f i sh in soft waters (low in mineral content) may 
require addi t iona l mineral supplementation in the d i e t . 
Similar ly , the in tens ive cu l tu re of c e r t a in f i sh species in 
man-made ponds and raceways, toge ther with dependence on 
a r t i f i c i a l feeding, make i t necessairy to incorporate adeqaute 
quan t i t i e s of mineral n u t r i e n t s in the feed. The supplemental 
e f fec ts of adding mineral mixture to pur i f ied t e s t d i e t s on 
f ish growth have been examined by several i nves t i ga to r s 
(La l l , 1979; Sakamoto and Tone, 1979a; Frenzel and Pfeffer ,1982; 
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Yang, 1982; Satoh et al., 1983; Tacon et al., 1984;and Cho 
et al., 1985). Among the mineral elements recognised as 
essential for body functions in fish calcium and phosphorus 
are perhaps the most important. Pish, like mammals, require 
relatively large quantities of these two minerals for their 
growth and metabolism. The requirements of calcium and 
phosphorus are generally considered together because the 
metabolism of both is intimately connected and an inadequate 
supply of either limits the nutritive vsuLue of both. Growth 
of fish species has been reported to be positively correlated 
with the level of dietary phosphorus independent of calcitim 
level in the diet (Lovell, 1975; and Ogino and Takeda, 1976). 
In view of the importance of these two minerals, their require-
ments have been quantified in several fish species (Dove, et al., 
1976; Sakamoto and Yone, 1976a, 1978a, 1979b; and Lovell,1978). 
Studies to assess the iron deficiency symptoms in fish if the 
element is lacking in their diet, and observations on the 
growth response of fish to dietary levels of iron have been 
made by a few workers (Sakamoto and Yone, 1976b, 1978b and 
1979c). 
During recent years Ichthyohaematology, with its many 
and varied uses, has also become an increasingly important 
subject in fishery research and management. Earlier studies 
on fish haematology were mainly concerned with normsQ. haemato-
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logical values of fish and assessing the effects of such 
factors like sex, age, size, sexual maturation and environ-
mental conditions (Denton and Yousef, 1975; Siddiqui, 1975, 
1977; Hilmy et al., 1978; Clark et al., 1979; Siddiqui and 
Naseem, 1979; Houston, 1980; Joshi, 1980; Chandra and Kumar, 
1981; Koss and Houston, 1981; Gill et al., 1983; Raizada et gl., 
1984; and White £t al., 1986). There is now sin almost complete 
unanimity among fish nutritionists that several of the haemato-
logical parameters could be the most convenient and often 
precise tool for the assessment of health and general well being 
of fish (Blaxhall, 1972; Halver, 1972; Bell and Margolis, 1976; 
McLeay and Gordon, 1977). The merits of haematological analysis 
in studying the adequacy of artificial fish diet and the nutri-
tional efficacy of various feed ingredients have been emphasized 
by Hickey (1976) who compared the validity of such analysis with 
other conventional methods of expressing the condition of the 
cultured fish. It has been observed, for instance, that 
parameters like the erythrocyte count respond more quickly to 
some dietary deficiencies than the changes in condition factor 
or gixjwth rate of the fish (Katz, 1950), and in certain cases 
anemic condition resulting in higher mortalities have been 
interpreted as indicator of poor nutrition (Halver, 1972). 
The influence of dietary component on the blood profile of fish 
is, however, much less documented. Zeitoun et al. (1974) 
investigated the effect of dietary protein level and salinity 
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on serum protein and haematocrit of rainbow trout. Hilge 
(1979) reported distinct variations in the blood profile of 
the carp, Cyprinus carpio, fed on various dietary protein and 
fat levels. Shreni (1979) has noted the influence of dietary 
nutrients on the blood cholesterol of the catfish, Clariaa 
batrachus. Svobodova e^ al. (1984) studied the effect of feed 
with varying crude protein component on the protein metabolism, 
including total blood serum protein levels, of 0. carpio. 
Several researchers have monitored the changes in levels of 
blood plasma and amino acids at various time intervals after 
feeding fishes like carp (Plakas et^ ^ . , 1980), tilapia 
(Tamada eJG ^., 1982) and rainbow trout (Walton and Wilson, 
1986). 
A few workers, on haematological examination noted a 
fall in normal haematological values, as also signs of hypo-
chromic microcytic anaemia, in the fish kept on diet lacking 
in mineral mixture (Nose, 1972; Aral et al., 1974; and Ogino 
and Kamizono, 1975). Lack of certain minerals like iron, 
magnesitim, copper, zinc, calcium and phosphorus etc., produced 
similar characteristic deficiency symptoms in fish (Andrews, 
et al., 1973; Sakamoto and Yone, 1973, 1978c; Lall, 1979; Chow 
and Schell, 1980; and Knox et al., 1982). Changes in haemato-
poietic tissue of fish as a result of feeding diet deficient 
in certain vitamins have also been reported (Agraifal and 
Mahajan, 1980, 1983; and Mahajan and John, 1981). 
8 -
The changes in the chemistry of fish tissue, blood and 
serum during starvation and refeeding have also been docu-
mented (Kamra, 19^6, Creach, 1972; Kawatsu, 1974; Banerjee, 
1976; Jurss and Nicolai, 1976; Pandey and Pandey, 1977; 
Shimeno, 1982; and Mahajan and Dheer, 1983). 
A close scrutiny of the literature, however, revealed 
that studies on the above lines are relatively few on fishes 
from tropical and subtropical regions and information on Indian 
fishes, particularly on freshwater species, are almost lacking. 
The study, presented in the form of the present thesis, 
was, therefore, undertaken with a view to investigate the effect 
of.dietary components on the growth and haematology of the 
freshwater catfish, Heteropneustes fossilis. This silurold has 
considerable economic value and its farming is gsiining popula-
rity in India because of low investment culture technology being 
developed for their culture (Dehadrai and Thakur, 1980). Earlier 
work from this laboratory on H. -fossilis dealt with some general 
aspects of its nutrition such as gross protein and amino acid 
requirements and artificial feeding (Niamat, 1985), and with 
the effects of growth promoting feed additives, certain 
variables and stressors on its haematology (Murad, 1983). 
The form of presentation of the thesis is as follows: 
Chapter I destLs with the effects of dietary protein level 
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on the growth and haematological characteristics of the fish. 
Chapter II is devoted to analyse the growth and haemato-
logical responses of the fish fed the fresh wet diets. 
Chapter III describes the effects of dietary mineral 
mixture supplenientat^ -on on the growth and haematology of the 
fish. 
Chapter IV deals with variations in fish growth and blood 
profile as a consequence of feeding semi-synthetic iron defi-
cient diet. 
Chapter V inoorporates results concerning the effects of 
dietary phosphorus levels on the growth and haematological 
characteristics of the fish. 
The results concerning the effects of starvation and 
refeeding on blood, muscle and liver tissues of fish have been 
dealt with in Chapter VI. 
Chapter VII is confined to examining the effects of 
dietary lipid levels on the growth and haematology of the fish. 
The last chapter gives an account of the effects of 
dietary lipid sources on the growth and blood profile of the 
fish. 
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The study, it is hoped, while contributing to the 
existing knowledge on the subject, would provide the basic 
nutritional data on certain aspects in respect of Indian 
cultivable fish species and would be of practical use in 
formulating artificial diet for the catfish, H, fossilia. 
The information obtained would also be of some general int-
erest to fishery biologists. 
GENERAL METHODOLOGY 
GENERAL METHODOLOGY 
I . Procurement and acc l imat iza t ion of f lah 
Live specimens of Jjeteropneustes f o s s i l i s ( t o t a l length 
13-16 cm) were procured from some l o c a l f i sh ponds. The f i sh 
were acclimatized to labora tory condit ion fo r 2-3 weeks in l a rge 
g lass aquar ia . During acc l imat iza t ion the f i s h were fed to 
s a t i a t i o n on minced meat once da i ly (17.00 h ) . The aquarium 
bottom was siphoned off every day to remove faeces while wat^r 
was exchanged every a l t e r n a t e day, 6-8 hours before feeding. The 
average water temperature over the acc l imat iza t ion period based 
on da i ly measurements was 25 + 1°C. 
I I . General experimental design 
All experiments were conducted in well aerated 40-1 g las s 
aquaria (60 x 28 x 30 cm), containing a water voliime of 35.281 , 
under n a t u r a l photoperiod. The excess feed and faecal mat ter were 
siphoned off da i ly while aquarium water was exchanged on a l t e r n a t e 
days. Scrubbing and cleaning of each aquarium was ca r r i ed out 
f o r t n i g h t l y . A record of the dissolved oxygen and water tempera-
tu re was separa te ly maintained. The densi ty of f i sh per aquarium 
was ca lcula ted according to the formula given by Ford (1981) for 
the purpose. All experiments were reiDlicated. Deta i ls of feeding 
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trials, including diet formulation, have been dealt with in 
specific chapters. 
III. Oollection of blood 
Blood was drawn from each individual by severing its 
caudal peduncle and the ,blood samples stored in heparintzed 'glass 
vials for analyses. For the estimation of various chemical cons-
tituents of serum, however, pooled unheparinized blood was taken 
in clean glass vials and the serum separated through centrif\xgation 
at 4000 rpm. 
IV. Haematological analyses 
(i) Haematocrit value 
Haematocrit values were evaluated according to the method 
described by McLeay and Gordon (1977). Well mixed heparinized 
blood was drawn into a micro-haematocrit tube, one end of which 
was sealed with 'Critaseal* before centrifugation. The haemato-
crit value was measured within a standardized time interval and 
expressed as percentage. 
(ii) Haemoglobin 
Haemoglobin was estimated by Cyanmet-haemoglobin method 
(Blaxhall and Daisley, 1973). After thorough mixing, 0.02 ml of 
blood was placed in 4 ml of Drabkin's reagent. The solution was 
gently mixed and allowed to stand for about 10 min for complete 
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conversion of all forms of haemoglobin, excepting sulphaemoglobin 
which was rarely present in appreciable amount. Small coaguliim, 
if formed, was removed with the help of a glass rod. Color 
intensity of the solution was read on a Bausch and Lomb 
Spectronic 20 spectrophotometer at 540 mn, and the concentration 
(g/100 ml blood) of haeijoglobin calculated with the help of a 
calibration curve (Fig, 1) prepared by using different dilutions 
of commercially available cyanmethaemoglobin as the standard. 
(iii) Total erythrocyte and leucocyte counts 
For erythrocyte and leucocyte counts the procedure sugges-
ted by Christensen et^ al. (1978), involving 'Yokoyama* diluting 
fluid, was followed. Blood was diluted (1:200) with the above 
fluid in a standard blood diluting pipette and total erythrocyte 
and leucocyte counts made under a microscope using Neubauer 
haemocytometer. 
(iv) Mean corpuscular constants 
The mean corpuscular volume (MCV), mean corpuscular 
haemoglobin (MCH) and mean corpuscular haemoglobin concentration 
(MCHC) were calculated according to the following foimtilae: 
MCV (nm^/red cell) = Haematocrit {%) X 10 
RBC(mill/mm^) 
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MCH(Pg/red ce l l ) ^'Haemoslobin(^/100 ml blood) ^ ^^ 
RBC(mill/mm^) 
MOHC(%) = H a e m o g l | S i | | | Z l O O ^ | l ^ o o d i X 100 
(v) Erythrocyte sedimentation rate (E.S.R.) 
The erythrocyte sedimentation r a t e was determined using 
Micro-wintrobe method as described by Blaxhall and Daisley 
(1973). Known volume of f resh ly drawn heparinized blood was 
taken in to micro-haematocrit tube sealed at one end i^ith 
•Cri taseal* and placed in v e r t i c a l pos i t ion for an hour a t room 
temperature. The reading was recorded on a f ine ly ca l ib ra t ed 
mi l l imeter s ca l e . The measurement was made from the top of the 
column of sedimented erythrocyte to the surface of the plasma. 
(v i ) Serum prote in 
Serum prote in was estimated by the method of Lowry et. a l . 
(1951). 0.2 ml of serum was t r ea t ed with chloroform-methanol 
(3:1) mixture, shaken vigorously and centrifuged at 3000-4000 rpm. 
The supernatant was decanted off and the process repeated. The 
p r e c i p i t a t e was then t r ea t ed with 10% t r i c h l o r o a c e t i c acid (TCA) 
and centrifuged at 3000-4000 rpm for 15 min. The supernatant 
was discarded and the process repeated 2-3 t imes. The p ro te in 
p r ec ip i t a t ed was dissolved in 5 ml of O.IN NaOH and heated for 
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complete dissolution. 0.1 ml aliquot was then mixed with 1 ml 
of carbonate copper solution, kept for 10 min at room tempe-
rature and treated with 0.1 ml of 1:1 diluted Folin-phenol 
reagent. The content was vmlfoxmlj mixed and allowed to stand 
for 30 min for complete color development. The intensity of 
color was read on flausch and Lomb spectronic 20 spectrophoto-
meter at 500 m\i, A blank was run side by side taking 1 ml 
mixture, containing equal quantities of O.IN NaOH and distilled 
water, and treating it in a similar way as described for the 
experimental set. Protein was calculated with the help of a 
standard curve prepared by relating the optical density to 
micrograms of bovine serum albiimin (Fig. 2) and expressed as 
g/lOO ml serum. 
(vii) Serum cholesterol 
Serum cholesterol was estimated according to the pro-
cedure followed by Murad (1983). For cholesterol extraction 
0.1 ml serum was mixed with 3 ml of absolute ethanol and 5 ml 
of ether petroleum and the contents shaken vigorously. 3 ml 
of distilled water was then added and the contents were mixed 
and allowed to stand so that the two phases get separated. A 
measured(l ml) quantity of the upper phase was drawn with a 
pipette into a test tube smd evaporated by keeping the tube in 
a water bath at 80°C. The content was cooled to room temperature 
and 4 ml of ferric chloride coloring reagent added. A blank tube 
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containing 4 ml of ferric chloride was also prepared. The test 
tubes were placed in warm water bath for 10 min to dissolve the 
cholesterol residue and then cooled to room temperature. The 
loss of volume was compensated by the addition of coloring 
reagent. Finally, 3 ml cone. H2S0^ was added slowly from the 
sides of the tubes* The two layers were intermixed by lateral 
shakings and the contents incubated in dark for 30 min at room 
temperature. The color intensity was read on the spectrophoto-
meter at 560 m|A. The concentration of cholesterol was calculated 
with the help of a calibration curve (Pig. 3). Recrystallized 
and anhydrous cholesterol was used for the preparation of the 
calibration curve. 
(viii) Serum calcitua 
Serum calcium was determined using the method of Clark 
and Collips as given by Hawk £t al. (1954). 2 ml of dear serum 
was mixed thoroughly with equal quantity of distilled water and 
1 ml 4/i ammonium oxalate solution. The contents were allowed 
to stand overnight for complete precipitation, mixed and centri-
fuged for about 5 min at 1500 rpm. The supernatant was carefully 
drained on to a pad of filter paper. The precipitate was washed 
with 3 ml of dilute ammonia water, centrifuged and the supernatant 
drained a^ain. About 2 ml of normal HpSO^ was then pipetted 
directly upon the precipitate so as to break the mat and faci- ' 
litate its dissolution. The tube containing the dissolved 
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precipitate was placed in a boiling water bath for about 1 min 
and titrated with O.OIN potassium permangnate solution to a 
definite pink color which persisted for at least 1 min. The 
values were expressed as mg ca/100 ml serum, 
(ix) Serum phosphorus 
Serum phosphorus was estimated by the method of Piske -
and SubbaRow as described by Hawk e;t al. (1954). 2 ml of serum 
was mixed slowly in a small flask with 8 ml of 10/{ TCA and the 
content filtered through a low ash filter paper, A measured 
(5 ml) quantity of filtrate* was then transferred to a graduated 
test tube and 1 ml of molybdate II reagent added to it, 0.4 ml of 
amitnonaphtholsulfonlc acid reagent was added with constant 
mixing, the content diluted to 10 ml mark and allowed to stand 
for 5 min. The intensity of color was read on a spectrophoto-
meter at 660 m^, A blank was likewise prepared by treating 5 ml 
of lOX TCA with 1 ml of molybdate II and 0.4 ml of aminonaphthol-
sulfonic acid reagent, and diluting the content to 10 ml mark. 
The reading obtained was read off against a calibration curre 
(Pig, 4) prepared by using various dilutions of standard phosphate 
solution of monopotassitim phosphate (5 ml containing 0.4 mg 
phosphorus). The concentration of phosphorus was expressed sis 
mg/lOO ml serum. 
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V. Proximate analysea 
The proximate composition of muscle tissue and diet have 
been made according to the following procedure: 
( i ) Moisture 
For the estimation of moisture a known amount of sample 
was placed in a pre-weighed vitreosil crucible and dried to a 
constant weight in a hot air oven at 100°C. 
( ii ) Ash 
Diried and powdered sample (1-2 g), after estimating the 
moisture content, was ignited in a muffle furTiace at 600 C till 
the sample oecame complete^ white and free from carbon. The 
crucible was cooled in a dessicator and reweighed to estimate 
the amount of ash, expressed as percentage on wet weight basis'. 
(iii) Crude fat 
For the estimation of crude fat^weighed quantity of dried 
sample was transferred to Whatman extraction thimble, and the 
extraction carried out for about 10-12 h using ether petroleum 
(40-60°C B.P.) as a solvent. The amount of fat was recalculated 
as percentage on wet weight basis. 
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( iv ) Pro te in 
The technique of Lowi^ r e^ a l . (1951) was also employed for 
est imating the pro te in content in the muscle t i s s u e and d i e t s . 
A weighed quantity of fresh sample was homogenised in 2 ml 
d i s t i l l e d water and t r e a t e d with two volumes of 10% TCA. The 
contents were centrifugfed at 3000-4000 rpm for 15 min, the 
supernatant discarded and the process repeated 2-3 t imes. The 
res idual p e l l e t was washed 3-4 times with r e c t i f i e d s p i r i t to 
remove the l i p o i d a l substance and t rea ted repeatedly with solvent 
e ther or acetone. I t was then dr ied in an oven at 100°G fo r a 
minimum of 12 h. 0.01 g dried f a t f ree residue was subsequently 
t r ea t ed with 1 ml of IN NaOH and heated for about 10-15 min in 
a boi l ing water bath for d iges t ion . After cooling, the volume 
was ra i sed to 10 ml with d i s t i l l e d water. The remaining procedure 
was the same as described e a i i i e r fo r the es t imat ion of serum 
pro te in . 
( V ) Carbohydrate 
No direct estimation of carbohydrate was made,Carbohydrate 
was however, calculated by subtracting the sum of percentages of 
water, fat, protein and ash from himdred (Jafri ^ al., 1964). 
( vi ) Energy 
The gross energy content in the d ie t was worked out using 
the energy f ac to r s , 4 for pro te in and carbohydrate and 9 fo r f a t , 
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and expressed as kcal/lOO g (Hastings, 1979). 
(vii) Caloiuro 
Calcium content in muscle t i s s u e was determined by the 
method of Clark and Coll ips as given by Hawk et a l . (1954). A 
weighed amount of freslj t i s s u e was ign i ted in a muffle fumacd 
a t 600°C and the ash obtained was dissolved in d i l u t e HCl, boi led 
and f i l t e r e d with one or two washings with d i s t i l l e d water, the 
f i l t r a t e and the washings were col lec ted in a beaker and made 
to a known volume (50 ml). To t h i s was added 10 ml sa tura ted 
so lu t ion of ammonium oxalate which resu l ted in the p r e c i p i t a t i o n 
of calcium as calcium oxa la t e . The so lu t ion was heated on a 
sand bath for about 3-5 h and kept overnight f o r complete 
p r e c i p i t a t i o n . The so lu t ion was then f i l t e r e d through a sh - l e s s 
f i l t e r paper d i sc and washed several times with boi l ing water. 
The p r e c i p i t a t e and the washings were co l lec ted in to an Erlenaeyer 
f lask and dissolved in 10 ml of 1:4 HpSO^. The so lu t ion was 
heated and t i t r a t e d against a standard (O.OIN) potassium permang-
nate so lu t ion , 1 ml of which was equivalent to 0.2 m^  of calcitim. 
The amount of calcium was calcixlated on fresh weight bas is as 
mg per 100 g wet t i s s u e . 
(viii) Phosphorus 
Phosphorus in muscle tissue was estimated by the method 
of Fiske and SubbaRow (Hawk et al,., 1954). A known amount 
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(0.5 g) of muscle tissue was digested with 5 ml of cone. HpSO. 
and 2 ml (60/{) perchloric acid until the solution became 
colorless. A drop of nitric acid was then added and the solution 
diluted to 50 ml. To a known (2 ml) aliquot was added, with 
proper mixing, 1 ml of 6.6/^  ammonium molybdate solution and 
0.4 ml of aminonaphtholsulfonic acid reagent. The solution was 
diluted to a 10 ml mark, mixed and allowed to stand for 5 min. 
The intensity of color was read on a spectrophotometer at 660 mu, 
and the concentration of phosphorus expressed as mg/lOO g wet 
tissue. 
VI. Analysis of free fatty acids in oils 
Prior to determination of free fatty acid composition of 
oils through gas liquid chromatography, a volatile methyl ester 
derivative of the oil sample was prepared using the technique of 
Christie (1973) as described below: 
( i ) Saponification 
A weighed quantity of oil was hydrolysed by refluxing it 
for an hour with IN solution of potassium hydroxide in 95% 
ethanol (6 ml). The solution was cooled, water (12 ml) was 
added and extracted thoroughly with diethyl ether (3 x 10 ml). 
The extract was washed several times with water, dried over 
anhydrous sodium sulphate and the non-saponifiable materials 
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recovered in a rotary evaporator. The water washings were added 
to the aqueous layer which was acidified with 6N HGl and extracted 
with diethyl ether (3 x 10 ml). The free fatty acids were reco-
vered after washing the extract with water, drying it over anhydrous 
sodium sulphate and removing the solvent in the usual way. 
(ii) Esterification 
The free fatty acids were esterified by heating them with 
excess of anhydrous methanol in presence of an acidic catalyst 
under reflux for about 2 hrs. Esters thus prepared were purified, 
if necessary, by preparing TLC on silica gel G layers with hexane 
diethyl ether 9:1 (v/v) as developing solvent. The prepared 
methyl ester was subsequently used for free fatty acid analysis. 
The GrLC was run at the laboratories of Central Drug Research 
Institute, Lucknow. 
VII. Assessment of growth, conversion efficiency and hepato-
somatic index 
Growth was assessed over a particular duration of feeding 
trial by subtracting the initial weight of biomass from its 
final weight. 
The specific growth rate (/^) was calculated using the 
formula: 
Log- W^ -log,^  W, 
SGR (%) = — — - X 100 
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where, 
Wp = Pinal weight of biomass (g) 
W^ = Initial weight of biomass (g) 
D = Duration of the feeding trial (days) 
The food conversion factor was calculated on the basis of 
the ratio of food consumed to live weight gained by the fish 
while the gross growth efficiency represented the percentage of 
the ratio of live weight gain to food consumed. 
The hepato-somatic index represented the ratio of liver 
to body weight of fish. 
The calcvilation of calories required to produce a kilogram 
of fish on various diets was calctilated by the method as adopted 
by Phillips and Brockway (1959). 
Statistical analyses of the data were made on Casio Px-68, 
using standard formulae (Snedecor and Cochran, 1968). 
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CHAPTER I 
CHAPTER - I 
EFFECTS OF DIETARY PROTEIN LEVEL ON THE GROWTH AND HAEMATOLOGT 
OF THE CATFISH, HETER0PNEUSTE3 FOSSILIS BLOGH 
' INTRODUCTION 
Of the various feed components, protein is by far the most 
expensive and essential component in terms of growth and pro-
duction. The effect of dietairy protein level on growth, and the 
requirement of this essential dietary component have been assessed 
by numerous workers for various fish species (Andrews, 1977; 
Dabrowski, 1977; Murray e;t al., 1977; Anderson e_t al., 1981; 
Moreno, 1981; Millikin, 1982b; Wee and Tacon, 1982; Reinitz,1983; 
Winfree and Stickney, 1984; Wang e;t al., 1985; and Tabachek,1986). 
A few reports have also appeared on the effect of nutritional 
imbalance in fish on their blood profile (Halver, 1972; Love, 
1980). It has been emphasized that a correlation of blood 
parameters with dietary nutrients helps in understanding the 
nutritional efficacy of artificisil diet and that some of the 
haematological parameters could actually be used as convenient 
tools for determining the quality of artificial diets (ilell and 
Margolis, 1976; and Hickey, 1976). 
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The present investigation was undertaken with a view to 
examine the effects of dietary protein level on the growth and 
haematology of Heteropneustes fossilis, a common fresh water 
siluroid. The study assumes significance in view of recent 
interest in the intensive cultivation of this catfish on artificial 
feeds. , 
MATERIALS AND METHODS 
Experimental fish (average total length 16,0 + 0.05 cm; 
average weight 21.35 + 0.06 g) were taKen out from a previously 
acclimatized stock maintained in the laboratory. The details of 
acclimatization have been mentioned earlier under General 
Methodology section (see page 11). The fish got accustomed to 
the test diets and experimental conditions in about a week when 
initial measurements were made. 
Feeding trails which lasted 28 days were conducted in glass 
aquaria (60 x 28 x 30 cm) at a stock density of 10 fish per 
aquarium. The fish were fed till satiation daily at 17 h. The 
average water temperature and dissolved oxygen over the experi-
mental period were 25.0 + 1°G and 6.5 ppm, respectively. •, 
Fish were fed three different test diets containing 
different dietary (20y^ , 40/^  and 60%) crude protein levels. The 
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diets (Table I) were foirmulated using casein and gelatin as 
protein sources (Mertz, 1972), and included a balance of essential 
amino acids (Belong et al., 1958). Other components of the diet, 
including mineral and vitamin mixture, were the same as suggested 
by Halver (1970). Weighed amount of ingredients, with the excep-
tion carboxymethyl cei:i,ulose, were first mixed in a dry state 
with electric grinder until a homogeneous mixture was formed. It 
was then carefully transferred to a beaker containing water 
(70-80°C) and stirred. Carboxymethyl cellulose was added to the 
mixture and the speed of the stirrer gradually increased until a 
dough like consistency was obtained in the feed mixture. The 
feed was stored in plastic container at -10*^ 0 until used. 
Growth measurements, collection and analyses of blood sajaple 
were made according to the procedures described elsewhere (see 
under General Methodology). 
RESULTS 
The results of the 28 day feeding trial conducted on 
H. fossilis fed different dietary protein levels revealed marked 
variations in its growth and haematology. 
The data on the growth and conversion efficiency of the 
fish have been presented in Table II. It is evident from the 
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data that the diet with 40/^  crude protein level resulted in 
maximum growth, conversion and gross growth efficiency. A fall 
in the live weight gain percent was noted at 60/^  protein level. 
Based on significance of the effect, the protein diets could be 
arranged in the following sequence 40/^ , 20% and 60/^ . The 
specific growth rate of fish was also found to increase to the 
maximum with protein level up to AQ% beyond which a decline was 
evident. Thus, poorest conversion and gross efficiency, live 
weight gain percent and specific growth rate occurred in fish 
fed the 60% protein diet. 
The blood pixjfile of H, fossilis showed significant varia-
tions with dietary protein levels. The average haematological 
values in relation to sex and protein levels of diets have been 
given in Tables III-V and plotted in Figs. 1-5. 
The haemoglobin concentration increased with the dietary 
protein level, registering the msiximum in both the sexes at 60% 
crude protein level, at the end of 14 days of feeding, while 
after 28 days it increased significantly (P<CO.Ol) with the 
dietary protein content up to the incorporation level of 402!« 
The decline observed at 60% dietary protein level was insigni-
ficant (Table III). 
The erythrocyte co\mt increased with the protein level, 
more significantly (P<:.0.05) from 20-40% than at 60% level during 
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the first 14 days of feeding. Continuation of feeding for 28 days 
resulted in a significantly (P^lO.Ol) higher erythrocyte count at 
AOX dietary protein level beyond which a decline was noticeable. 
An inverse relationship was observed between haematoorit 
and erythrocyte sedimentation rate at various protein levels of 
the diet (Fig. 1-2). The maximum haematocrit value in male was 
found to rise up to 60/^  dietary protein incorporation over the 
first 14 days of trial. At the end of 28 days the haematocrit 
values increased significantly (P<0.05 in male and P-^ iO.Ol in 
female) registering the maximum at 40^ crude protein level, A 
significant (P<i0.05) fall in the haematocrit value occurred at 
60X protein level in both the sexes. In contrast, the erythrocyte 
sedimentation rate decreased from 20-40% dietary protein intake 
followed by an increase at 60% level, the latter being significant 
(P-s:iO,01) in male fish alone. The fall in the erythrocyte sedi-
mentation rate was, however, significant both in male (P^0.02) 
as well as female (P<0.05) fish over the 28 days of feeding. 
The values of mean corpuscular constants (mean cell volume, 
mean cell haemoglobin and mean cell haemoglobin concentration) 
have been given in Table IV and plotted in Pig. 3-4. 
No significant response was found in the mean cell volume 
of fish fed various protein level diets for 14 days. But at 
the end of 28 days a significant (P-^O.Ol) increase in the mean 
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cell volume of female fish was observed at 40% protein level 
beyond which a decline was evident in both male (P<C0.05) and 
female (P<:o.01) f'iah. 
The mean cell haemoglobin, on the other hand, increased 
significantly with the dietary protein level, obtaining the 
maxima in both male (P<0.05) and female (P<:0.01) fish at the 
end of 14 days at 60yi protein level. Continuation of feeding 
over this period, however, caused an increase in mean cell 
haemoglobin up to 40% protein level in both the sexes (P-<10.02 
in male; P<:0.05 in female). A decline in the value beyond this 
level was significant in,male (P<0.01) fish alone. 
Like the mean cell volume, no significant response was 
observed in the mean cell haemoglobin concentration expressed 
as percent. It was more or less constant and almost unaffected 
by the dietary protein levels. 
No significant sex-related difference could be found in 
the magnitude of response of fish haematopoietic tissue to 
dietary protein level excepting in its haemoglobin concentration 
which was significant (P<i0.001) both at 40% as well as 60/^  
dietary protein intake. For haematocrit, the difference was 
apparent (P<i0.02) at 60% protein level only. 
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The e f f e c t of d i e t a r y p r o t e i n l e v e l on serum p r o t e i n and 
c h o l e s t e r o l has been g iven i n Table V and d e p i c t e d i n P i g . 5 . 
The serum p r o t e i n c o n t e n t i n c r e a s e d with the dietary-
p r o t e i n i n t a k e , a t t a i n i n g t h e maximum a t 60% l e v e l of prote in 
i n c o r p o r a t i o n dur ing t h e f i r s t 14 days of f eed ing t i r i a l . The 
i n c r e a s e i n t h e serum p r o t e i n was more s i g n i f i c a n t ( P < 0 . 0 5 ) 
from 20-40% than from 40-60% d i e t a r y p r o t e i n l e v e l s . A s i g n i -
f i c a n t ( P < 0 . 0 5 ) dec rease i n t h e serum p r o t e i n con ten t was 
observed i n f i s h a t h i g h e r (60%) l e v e l of p r o t e i n i n t h e d i e t 
a t t h e end of 28 days of f e e d i n g . 
The serum c h o l e s t e r o l was observed t o be markedly a f f e c t e d 
by d i f f e r e n t l e v e l s of d i e t a r y p r o t e i n ( F i g . 5 ) . I t dec reased 
s i g n i f i c a n t l y ( P < 0 . 0 0 1 ) wi th d i e t a r y p r o t e i n i n t a k e up t o 40% 
and t hen i n c r e a s e d s l i g h t l y a t h i g h e r l e v e l a f t e r 14 days of 
feed ing and the t r e n d cont inued ove r t h e r e s t of t h e feed ing 
d u r a t i o n . The observed f a l l i n t h e semxm c h o l e s t r o l l e v e l from 
20-40% as wel l as i t s r i s e from 40-60% d i e t a r y p r o t e i n i n t a k e 
were h i g h l y s i g n i f i c a n t (P^iO.OOl) . 
DISCUSSION 
The r e s u l t s i n d i c a t e t h a t l e v e l s of d i e t a r y p r o t e i n have 
a marked i n f l u e n c e on t h e growth and haema to log i ca l p r o f i l e of 
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H. fosailis. The highest values of growth parameters at A0% 
dietary protein intake indicate that the optimtim protein require-
ment for the growth of this siluroid is 40/^ . In an earlier study 
from this laboratory the optimum protein requirement, worked out 
for yoiing H. fossilis. was also indicated to be 40% (Niamat,1985). 
However, as expected, the growth rate, in terms of live weight 
gain percent, of this species was higher in younger fish at the 
above dietary protein intake. Growth was suppressed both at low 
and high protein levels. A low growth at 20/^  dietary protein 
incorporation obviously indicates that supplied protein was not 
adequately available to the fish for tissue production. The poor 
growth with diets containing very high percentage of protein 
could be attributed to a greater utilization of protein calories 
for energy purposes, especially for removing the excess of toxic 
nitrogenous substances resulting from greater protein catabolism 
from the body. Growth depressing effect, as observed in 
H. fossilis, at higher protein level has also been pointed out 
in several other fishes like carp (Ogino and Saito, 1970), 
grouper (Teng et al., 1978), tilapia (Lim et al., 1979) and 
puffer fish (Kanazawa _et al., 1980). H. fossilis, a predominantly 
carnivorous fish, like other carnivores, possesses a digestive 
equipment seemed characterized by high activity of proteolytic 
enzymes. Thus, the semi-purified diet used to feed the fish 
during the present study was well suited at 40/^  crude protein 
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level for maximtim growth. The observed level of protein require-
ment has been found close to the values reported earlier for a 
number of other warmwater cultivable fish species (Dabrowslci,1977; 
Yang et al., 1981; Corazon et al., 1982; Jauncey, 1982b). 
The data indicates that blood profile of g. fossilia also 
got significantly altered with dietary protein intakes. The 
highest value of haemoglobin, haematocrit and erythrocyte count, 
and the lowest value of erythrocyte sedimentation rate, were 
found occurring in fish fed the 40% crude protein diet. 
Optimum fish growth, reflected by increased rate of meta-
bolism, falls upon an efficient oxygen transport system in its 
haemoglobin content. The observed elevated level of haemoglobin 
in fish fed 40% protein diet could be attributed to the above 
fact. Presumably, greater synthesis of protein during growth 
leads also to a greater haemoglobin biosynthesis. Sano (I960) 
has reported that, of the total serum protein in the blood of 
rainbow trout, globulin fraction changed more markedly and increased 
with the g3?owth of fish. Halver (1972) has identified several 
factors that enhance protein synthesis in fish body and has 
authenticated their role in blood cell formation. Several earlier 
investigators have pointed to the existence of a correlation 
between general activity patterns and haemoglobin levels vis-a-vis 
blood oxygen capacity in a variety of marine fish species 
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(Larsson _et al., 1976; and Putnam and Preel, 1978), suggesting 
that haematological variables of fish associated with blood 
oxygen transport system may serve as indices of aerobic capa-
bilities of the species. 
Like haemoglobin, the erythrocyte cotmt of fish was found 
to be maximum at 40% dietary protein level. A higher concen-
tration of erythrocytes, with greater quantity of haemoglobin in 
unit volume of blood, seems to meet the oxygen requirement of 
fish to sustain faster metabolic rate during growth. The 40% 
protein level diet, besides maintaining optimum growth, appears 
to accelerate erythropoiesis in fish. Hilge (1979), while studying 
the influence of different dietary protein and fat levels on the 
blood parameters of C. carpio. observed higher haemoglobin concen-
tration as well as erythrocyte count at 39% dietary protein level. 
Variations in haematocrit seemed more or less related to 
erythrocyte count. Although Zeitoun _et al. (1974) have noted 
that the effect of dietary protein levels were of minor conse-
quence on haematocrit of rainbow trout, Salmo gairdnerij Hilge 
(1979) observed higher values of haematocrit at 39% dietary 
protein level in young 0, carpio, and noted that increase in 
protein content of diet beyond this level depressed the haema-
tocrit values of this species. A corollary to the findings on 
H. fossilis is apparent in the above cited observations. 
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The fall in the erythrocyte sedimentation rate at 40% 
dietary protein level could be ascribed to some such factors as 
the increase in the number of red blood cell and bios3mthesis of 
larger quantities of protein leading to greater blood viscosity. 
The significance of these factors on erythrocyte sedimentation 
rate is evident from the work of Bamhart (1969) and Dacie and 
Lewis (1977). Likewise, the increased sedimentation rate at the 
lowest and highest dietary protein levels may be the result of low 
erythrocyte count and red oell/plasma ratio. 
It may be worthwhile to mention that micro or macrocytary 
(mean cell volume) and haemoglobin (mean cell haemoglobin) related 
anemia were evident in fish fed on both at suboptimum (20)SJ) as 
well as higher (60%) protein levels. Similar anemic condition was 
referred to in the work of Hilge (1979) on G. carpio. 
Although sex-related differences have been reported for 
several haematological parameters in fish (Hickey, 1976), in 
the present study on H. fossilis such differences were signifi-
cantly apparent only for haemoglobin and haematocrit values and 
these could be the consequence of a multitude of factors, parti-
cularly the hormonal activity. 
Zeitoun e_fc al. (1974) have reported that althotigh growth 
of ^ . gairdneri was abnormal on a low pirotein intake, the level 
of serum protein was unaffected by the protein content of the 
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diet. In H. fossilis., however, serum protein content was found 
affected both by low and higher levels of dietary protein, the 
optimum obtained being at 4o% level '. - Serum cholesterol, on 
the other hand, reached its lowest at 40% protein level. The 
highest serum cholesterol occurred at the lowest level of protein 
intake. Several studi^ es have been carried out in the past to 
examine the effects of diet on the cholesterol levels of various 
vertebrates, including fish (Beveridge ejt al•, 1963; Harper, 1971; 
Farrell and Mtint, 1981, 1983) and the low protein intake has been 
reported to be hypercholesteremic (Nath et al., 1959; and 
Beveridge £t al., 1963). Results of the present findings indicate 
towards similar conclusion. The observations are further strength-
ened by an earlier work from this laboratory on 0. batrachus 
(Shreni, 1979). Presumably, at higher (60%) dietary protein 
intake, conversion of excess amino acids to liiDids through gluco-
neogenesis also substantially contributes to active cholesterol 
sjm thesis. 
SUMMARY 
Growth and haematology of the siluroid, H. fossilis. have 
been found to be affected markedly by the levels of dietary 
protein. Growth was maximum at 40% dietary protein intake but 
got suppressed both at lower (20%) and higher (60%) levels of 
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protein in the diet. The changes in the haematological profile 
of the fish indicate that most of the haematological values were 
adversely affected by increased intake of protein beyond 40% level 
Of the various blood parameters, haematocrit seemed to be more 
significantly affected with higher protein level. Maximum values 
of haemoglobin concentration, haematocrit and erythrocyte count 
were observed at 40% level, while the erythrocyte sedimentation 
rate registered its lowest at this level of dietary protein. 
Anemic and hypercholesteremic conditions were evident in fish on 
low (20%) and high (60%) dietary protein intakes. Sex-related 
differences were significantly apparent for haemoglobin and 
haematocrit only in fish fed at 60% dietary protein level. The 
significance of observed changes has been briefly discussed. 
TABLE - I . Ingredient composition of t e s t d i e t s 
Ingredient (g/200 g 
= ==========:========:= 
Gelatin 
Casein 
Amino acid mixture"*^ 
Dextrin white 
Cod l i v e r o i l 
Com o i l 
Mineral mix** 
Vitamin mix**" 
d i e t ) 
r = : = = = = = = 
» 
Carboxymethyl ce l lu lose 
Water 
20% 
:======= ==: 
3.08 
12.30 
6.77 
53.85 
2.00 
5.00 
4.00 
3.00 
10.00 
100.00 
Dietary prote in l e v e l 
40% 60% 
= : = = = = = = = = = = = = : = = = : z = = = = = : = : = = = = = : = = = : 
6.15 9.23 
24.62 36.92 
13.54 20.31 
31.69 9.54 
2.00 2.00 
5.00 5.00 
4.00 4.00 
3.00 3.00 
10.00 10.00 
100.00 100.00 
Arginine, 9.000 g; H i s t i d ine , 0.455 g; Lysine, 5.182 g; 
Phenylalanine, 7.545 g; Tyrosine, 2.455 g; Tryptophan, 2.409 g; 
Cysteine, 6.864 g; Methionine, 6.318 g; Threonine, 4.636 g; 
Leucine, 9.500 g; I so leuc ine , 11.045 g, Valine, 7.955 g; 
Glycine, 23.000 g; 
'^^AlCl^, 15 mg; ZnSO^, 300 mg; CuCl, 10 mg; MnSO ,^ 80 mg; KI,15 mg; 
COGlg, 100 mg; Plus USP XII No.2(Calcium diphosphate, 13.58 g; 
Calcium l a c t a t e , 32.70 g; Fe r r i c c i t r a t e , 2.97 g; Magnesium 
sulphate , 13.20 g; Potassium phosphate(dibas ic) , 23.98 g; Sodium 
biphosphate, 8.72 g; Sodium ch lor ide , 4.35 g ) . 
*** Thiamine, 1.666 mg; Riboflavin, 6.660 mg; Pyridoxine hydro-
chlor ide , 1.666 mg; Choline chlor ide , 166.660 mg; Nico t in ic acid, 
25.000 mg; Calcium pantothenate, 16.666 mg; I n o s i t o l , 66.666 mg; 
Biot in , 0.166 mg; i 'olic ac id , 0.500 mg; L-ascorbic acid, 33,333 mg; 
Vitamin B^2» 0.030 mg; Menadion, 1.333 mg; a-Tocopherol a ce t a t e , 
13.333 mg; a-Cellulose, 2,66 mg. 
TABLE - II. Growth and feed efficiency of H. foasilis at different 
dietary protein levels 
Dietary protein level 
Average initial wet weight (g) 
Average final wet weight (g) 
Live weight gain (%) 
Specific growth rate (%) 
Food conversion ratio 
Gross growth efficiency 
20% 
21.456 
24.713 
15.196 
0.588 
3.696 
0.271 
40% 
21.200 
25.533 
20.498 
0.778 
3.103 
0.362 
sot 
21.400 
23.780 
11.115 
0.439 
5.082 
0.198 
Survival 100/^  
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F i g , 5 . Blood serum protein and cho les te ro l 
l e v e l s of H. f o s s i l l s at varying 
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^ -28 days dura t ion; £S37 -Serum 
pro te in ; ^^ - Serum c h o l e s t e r o l ) . 
CHAPTER II 
CHAPTER - I I 
EFFECTS OF FEESH WET DIETS ON GROWTH AND HAEMATOLOGY 
OF THE CATFISH, HBTBR0PHEUSTE3 F03SILIS BLOCK 
. INTRODUCTION 
Fresh wet d i e t s have long been used i n c e r t a i n t y p e s of 
f i s h c u l t u r e , such as t r o u t , g rouper , e t c . (Halver , 1972) and 
a re s t i l l used i n some c o u n t r i e s . Such d i e t s c o n s i s t of f i s h 
o f f a l i n combinat ion with animal s l a u g h t e r house b y - p r o d u c t s 
such as beef, sheep , p o u l t r y and i nc lude l o w - q u a l i t y meat, 
l i v e r , s p l e e n , v i s c e r a blood and t r immings , e t c . Although 
oecoming uneconomical i n many coxmt r i e s , t h e p r a c t i c e of u s ing 
f r e s h f eeds fo r s e v e r a l f i s h s p e c i e s may play an impor tan t r o l e 
i n p l a c e s d i spos ing off l a r g e amounts of cheap o f f a l . The need 
f o r developing c o s t - e f f e c t i v e p r a c t i c a l d i e t s f o r cxi l t ivaDle 
f i n f i s h s p e c i e s i n I n d i a has assumed c o n s i d e r a b l e impor tance i n 
view of r ecen t emphasis on i n t e n s i v e c u l t u r e sys tem. A simple 
cxil ture technology i nvo lv ing mixed c u l t u r e of two c a t f i s h s p e c i e s , 
namely, H. f o s s i l i s and C. b a t r a c h u s , on s e m i - i n t e n s i v e s c a l e 
has been aeveloped with a feed ing s t r a t e g i e based on o f f a l , 
s l a u g h t e r house waste or a r i e d s ixk worm pupae with r i c e bran 
and o i l cake (Dehadrai and Thakur, 1980 ) . 
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The ob j ec t of the p re sen t s tudy was to examine t h e i n f l u e n c e 
of feeding d i f f e r e n t t y p e s of f r e s h wet d i e t s of animal o r i g i n 
such as l o w - q u a l i t y minced meat, l i v e r , sp leen and s l a u g h t e r 
house waste ( v i s c e r a ) on t h e growth and haematology of H. f o a s i l i s 
under l a b o r a t o r y c o n d i t i o n s . 
MATERIALS AND METHODS 
Live f i s h (average t o t a l l e n g t h 13 .5 + 0 . 1 cm, average 
weight 14 .5 + 0 .23 g) ob t a ined from a p r e v i o u s l y a c c l i m a t i z e d 
s t o c k , were randomly s tocked i n 40 1 g l a s s aqua r i a (60 x 20 x 30cm 
a t a d e n s i t y of 12 f i s h per aquarium and fed to s a t i a t i o n each 
day a t 17.00 h over the pe r iod of feed ing t r i a l . Accumulation 
of unused o r excess ive feed a t t he bottom was avoided and t h i s 
was c a r e f u l l y siphoned off . The average w a t e r t e m p e r a t u r e and 
d i s s o l v e d oxygen based on d a i l y measurements over t h e pe r iod of 
feeding t r i a l were 27 + 1*^ C and 4 .5 ppm, r e s p e c t i v e l y . 
Four d i f f e r e n t k inds of wet d i e t v i z . l o w - q u a l i t y bu f fa lo 
minced meat ( d i e t I ) , l i v e r ( d i e t I I ) , sp l een ( d i e t I I I ) and 
v i s c e r a ( d i e t IV) ob ta ined weekly in f r e s h c o n d i t i o n from l o c a l 
s l a u g h t e r house were used for the feed ing t r i a l . The m a t e r i a l 
was chopped in to smal l p i e c e s , passed th rough an e l e c t r i c meat 
mixer -cum-ex t ruder and s t o r e d at -10°G u n t i l u sed . Fresh d i e t s 
were prepared every week. The d i e t s were ana lysed for t h e i r 
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proximate composi t ion us in^ s t a n d a r d t e chn iques g iven e a i i i e r 
under General Methodology. The chemical composi t ion and 
c a l o r i f i c va lue of d i e t s a r e r e p r e s e n t e d i n Tables I - I I . 
At t h e end of 28-.day feed ing t r i a l , t h e f i s h were weighed 
t o make an e s t i m a t e of growth. Blood was c o l l e c t e d from each 
i n d i v i d u a l f o r haemeitological s t u d i e s by s e v e r i n g i t s caudal 
pedunc le . The t e c h n i q u e s of haemato log ica l a n a l y s i s have been 
d e s c r i b e d e l s e i ^ e r e ( see page 1 2 - 1 6 ) . 
RESULTS 
Data on the growth and convers ion e f f i c i e n c y of H. f o a s i l i s 
fed the f o u r d i f f e r e n t wet d i e t s have been p r e s e n t e d i n Table I I I 
and p l o t t e d in P i g . l . 
I t can be seen from t h e d a t a t h a t f i s h fed the minced meat 
d i e t ( d i e t I ) , used as t h e c o n t r o l d i e t , showed maximvim growth, 
i n terms of average weight and l i v e weight g a i n p e r c e n t , and 
b e s t convers ion e f f i c i e n c y , compared t o groups fed t h e o t h e r 
d i e t s , ove r t h e expe r imen ta l p e r i o d . The s p e c i f i c growth r a t e 
was a l so h i g h e s t with d i e t I . The lowes t v a l u e s of l i v e weight 
ga in p e r c e n t and s p e c i f i c growth r a t e were o b t a i n e d i n f i s h fed 
v i s c e r a a s d i e t ( d i e t I V ) . The growth curve p l o t t e d f o r t h e 
v a r i o u s d i e t s ( I - I V ) showed 30/1 ga in i n l i v e weight with d i e t I 
and only 11% ga in wi th d i e t IV. 
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Haematological values of H. f o s s i l i s a lso seemed maricedly 
influenced with the type of feed. The re su l t conceisiing the 
influence of d i e t on var ious haematological parameters of the 
f ish have been given in Tables IV-VI and p lo t t ed in P i g s . I I - I I I . 
The haemoglobin concentrat ion of the blood was maximum in f i sh 
fed d ie t I . A s l igh t ly , low value of haemoglobin concentra t ion 
was noted in the f ish fed d i e t I I , while a markedly depressed 
value was evident both in male as well as female f i sh with d i e t s 
I I I (P^O.Ol) and IV (P^^lO.OOl) in comparison to those fed the 
control d ie t (d i e t I ) . S imi lar ly , the haematocrit value was 
super ior in f i s h maintained on d i e t I in comparison to those fed 
d i e t s I I , I I I and IV. Although the diffeirence in haematocrit 
value observed in f i sh supplied with d i e t I I was found to oe 
s t a t i s t i c a l l y i n s ign i f i c an t for both the sexes when compared to 
f i sh fed d ie t I , i t vas s ign i f i can t in male (P<C0.05) and female 
(P<10.02) f i sh fed d ie t I I I . The maximum difference i n the 
haematocrit value was notea in f i s h fed die t IV and t h i s was 
found to be s t a t i s t i c a l l y more s i gn i f i c an t in female (P4.0.001) 
than in male (P<0 .01) f i sh when compared to the f i sh fed d i e t I . 
Like the haemoglobin and haematocrit values, the erythrocyte 
count was found to be s i m i l a i i y affected in f i s h fed with various 
wet d i e t s . The erythrocyte count was maximum in f i sh fed d i e t I 
and lowest in those supplied with d ie t IV. The dif ferences in 
the erythrocyte count were l e s s comparable and in s ign i f i can t in 
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f ish fed d i e t I I but were more s ign i f i can t in individuals of 
both sexes fed d i e t s I I I (P<i0.05) and IV (P<0 .01) than in 
those fed with d i e t I . 
The erythrocyte sedimentation r a t e xncreased with d i e t s I 
to IV (F ig .2 ) . The lowest value in the two sexes was observed 
in f i sh supplied with d i e t I . The increase in the erythrocjrte 
sedimentation r a t e was i n s ign i f i can t in f i sh fed d i e t I I compared 
to those fed d i e t s I I I (P<0 .05 ) and IV (P<0 .05 in male; P<0.01 
in female). 
The values of mean corpuscular constants (mean c e l l voliime, 
mean c e l l haemoglobin and mean c e l l haemoglobin concentrat ion) in 
f ish fed the various wet d i e t s have been given in Table V. I t 
can be seen from the da ta t h a t , of the th ree corpuscular constants 
s tudied, only the mean c e l l volume was found to vaiy, to some 
extent , with the types of d i e t . The mean c e l l haemoglobin and 
mean c e l l haemoglobin concentrat ion were more or l e s s unaffected 
with the kind of d i e t . The maximum mean c e l l volume was observed 
in f i sh fed d i e t I while f i s h receiving the o ther d i e t s ( I I - IV) 
showed low values t o r t h i s parameter. Although the d i f fe rence 
between the mean c e l l volume of f i sh supplied with d i e t s I I and 
I I I was i n s i g n i f i c a n t , compared to those receiving the con t ro l 
d i e t , a raarkea difference was evident in f i sh fed with d i e t IV, 
t h i s bexng more s ign i f i can t in female (P<C0.01) than in male 
(P<0 .05) f i s h . 
Sex-related differences were evident with haematocrit and 
erythrocyte sedimentation r a t e , the parameters being more affected 
in female than in male f i s h . 
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The nature of wet feed seemed to exert a noticeable influence 
on the serum protein and cholesterol levels of fish. The data on 
these constituents have been given in Table VI and depicted 
graphically in Pig. 3. The serum protein concentration was higher 
in fish supplied with diet I, followed by those fed the other 
diets. The difference in serum protein level in fish fed diet II 
was insignificant compared to fish fed with diet I. It decreased 
significantly in fish fed diets III and IV, the decline being 
more significant with diet IV (P<:0.001) than with diet III(P<0.05). 
The serum cholesterol level, on the contrary, increased to the 
maximum in fish fed diet II, followed by those fed diets I and III. 
The lowest serum cholesterol value was observed in fish supplied 
with diet IV. The rise in serum cholesterol level registered in 
fish fed diet II over those fed diet I was to the extent of 27/^ , 
and was highly significant (P-^CO.OOl). The decrease in the serum 
cholesterol level of fish fed diet IV compared to those fed diet I 
was significant (P<.0.05) too. 
DISCUSSION 
Growth in fish, like in other animals, is largely accomplished 
by protein synthesis which depends on a regular supply of protein 
by way of food, providing the basic raw materials, the amino acids. 
Gowey and Sargent (1972) have pointed out that the pattern of 
essential amino acid provided by the dietary protein influences 
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the utilization of protein. Although proteins are readily usable 
sources of calories and high degree of digestion and absorption 
is reported for most proteins, the degree to \diich protein 
calories are used for fish growth is reported to be dependent upon 
the availability of other caloric sources in the diet, namely 
fats and, to a limited extent, carbohydrate to spare protein for 
tissue production. In H. fossilis. with an average weight 14.5 g, 
the maximum girowth occurred with minced meat diet (diet I) at 18^ 
protein level with a protein: energy ratio of 11 mg/ic^ al 
at 27 + 1*^ C. The conversion efficiency obtained also point to 
the most efficient utilization of this diet compared to the other 
wet diets. Diet IV containing the viscera with the low protein 
content and a protein:energy ratio of 5.3 mg/kcal showed the 
poorest growth. The results of the present study thus demons-
trate that the growth is markedly influenced oy the protein:energy 
ratio of the diet. The effect of dietary composition and energy 
levels, and ratios of nutrient on fish growth have been assessed 
by numerous workers (Halver, 1972; Oarling and Wilson, 1977; 
Marais and Kissil, 1979; Pieper and Pfeffer, 1980; Reinitz, 1983; 
and Rao and Vijayaraghavan, 1984). Growth response to varying 
protein:energy ratio in terms of bioenergetics has also been 
noted for several fish species (Lee and Putnam, 1973; GarLing 
and Wilson, 1976; Baird and Hopkins, 1981; Kerr, 1982; Eckhardt 
et al., 1983; Cho and Kaushik, 1984; Kaushik and Luquet, 1984). 
Evidence of depressed growth in fish fed either a marginal level 
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of prote in content or i insuffioient non-protein energy has also 
been documented (Murray &t a l . , 1977; Watanabe et a l . , 1979; 
Santiago _et a l . , 1982; and DeSilva and Perera , 1985). 
Using the conversion of food in to f l e sh as a measure of 
t o t a l eff iciency of d i e t , the ca lo r i e s required to produce a 
kg of f i sh has been worked out f o r H. f o s s i l i s vdLth the four 
t e s t d i e t s (Table I I ) . In terras of ca lo r i e conversion as well 
d i e t I was found to be most and d i e t IV the l e a s t e f f i c i e n t . 
The differences between the ca lo r i e e f f i c i enc i e s of the four wet 
d i e t s were highly pronounced. The performance of d ie t on the 
bas i s of prote in turnover and the t o t a l energy required to produce 
a kg of f i sh have been examined by Cowey (1975)^ Mill ward e;b a l . 
(1976), Pfeffer (1982) and Pauconneau (1984). In terms of gross 
energy content , d i e t I was found to be the r i ches t and d i e t IV 
the poorest . Gross energy values fo r d i e t s I I and I I I were 
comparable. The fact t h a t H. f o s s i l i s , fed even on low pro te in 
wet d i e t s , r eg i s te red increase on t h e i r i n i t i a l weight i nd i ca t e s 
tha t the level of prote in sind overa l l d ie ta ry energy were enough 
to meet the normal maintenance of the f i sh and the ava i lab le 
prote in energy seemed spent on t i s s u e production. I t may be noted 
tha t in a l l the four d i e t s used the l eve l of f a t was high and 
almost comparable, while the d i e t s were poor in carbohydrate. 
Lipid plays an important ro l e as an energy source in f i s h d i e t , 
e spec ia l ly for carnivorous f i sh , in which the a v a i l a b i l i t y fo r 
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dietary carbohydrate for energy is low. The observat ions on 
S« f o a s i l i s ind ica te t h a t d ie ta ry f a t s (10-11%) re su l t ed in s^  
sparing ac t ion on prote in for growth purpose and thus su f f i c i en t 
growth, to the extent of 30%, was obtainable even with low protein 
d ie t (d ie t 11) . Combs e t a l . (1962) have found t h a t in salmon 
fed at 20% leve l of d i e t a ry pro te in as food, increas ing the 
ca lo r i c content of d ie t with o i l to 1550 kcal /kg increased both 
prote in deposi t ion as well as u t i l i z a t i o n . Fowler et a l . (1964) 
also reported t h a t supplemented energy ca lo r i e s provided as f a t 
resu l ted i n a sparing ac t ion on pro te in and vitamin requirements 
of salmon. Such prote in sparing effect with increased energy-r ich 
d i e t a ry ingredients has also been reported by o ther workers 
(Cowey and Sargent, 1979; Dupree jet a l . , 1979; Watanabe et a l . , 
1979; Puruichi and Tone, 1980;Reinitz and Hi tze l , 1980; 
Mi l l ik in , 1983). 
The r e s u l t s on H. f o s s i l i s also ind ica te t h a t the f i s h grow 
well on fresh wet pro te in d i e t s of animal o r i g i n . Prote ins from 
the animal source have genera l ly been reported to be of high 
n u t r i t i v e qual i ty and a major par t of t h i s n u t r i e n t i s ava i lab le 
for absorption and d iges t ion . That the animal p ro te in i s better 
digested than plant pro te in has been documented e a r l i e r by Huet 
(1972) and Jobling (1981). A comparison of r e s u l t s obtained t>y 
using wet feeds with those obtained by feeding the semi-synthet ic 
case in -ge la t in d i e t to H. f o s s i l i s (see Chapter I ) i nd ica t e s 
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towards a better dietaiy perfoimance of the fresh wet diets in 
terms of gross conversion and efficiency. This points to a 
higher degree of digestion ana absorption of animal source wet 
diets by this siluroid, and the fact could be attributed to the 
quality of source protein as also to the ratio of calories contri-
buted by the various caloric sources in the diet. 
It was interesting to note that, with growth, most of the 
blood parameters in H. fossilis were influenced by the nature 
and composition of the wet diet. The observed increase in the 
haemoglobin concentration of the fish fed mincea meat diet, with 
relatively high protein level, indicate to its greater biosynthesis, 
presumably necessitated by higher rate of metabolism and the blood 
oxygen demand. The increase in haemoglobin concentration with 
protein levels has also been indicated in the earlier chapter. 
Similarly, a higher erythrocyte count noted in fish fed the minced 
meat diet strengthened the view that erythropoiesis cotiid oe 
correlated with the rate of growth in fish. A positive correlation 
also existed oetween the haematocrit and erytnrocyte count in fish 
fed the various wet diets, with the maximum naematocrit value 
occurring in the fish fed the relatively high protein minced meat 
diet. Increase in the erythrocyte sedimentation rate observed in 
fish fed the low protein level diet (diet IV) seemed a consequence 
of a decrease in the numerical strength of blood cell with a 
relative increase in the plasma volume, causing a fall in the 
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plasma v i s cos i t y and allowing the c e l l s to sediment more quickly 
(Love, 1970). 
I t was apparent from the r e s u l t s t h a t , of the various mean 
corpuscular constants , only the mean ce l l voltime was effected in 
f i sh fed d i e t IV ^ i c h was poorest i n p ro te in . 
» 
A r i s e in serum prote in content of blood noted i n f ish fed 
the minced meat d ie t may l ikewise be associated with and be a 
r e f l e c t i on of b e t t e r growth. A coro l la ry to the present f inding 
i s apparent in the woric of Sano (i960) 'tdio reported a r i s e in 
serum pro te in of rainbow t r o u t with growth. The serum cho les t e ro l , 
on the o ther hand, was found to be maximum in f i s h fed the d ie t 
composed of fresh l i v e r . This hypercholesteremic condit ion i n 
the blood serum could be ascribed to increased cholesterogenesis 
generated through high glycogen and l i p i d l eve l s in the l i v e r 
d i e t . That the r a t e of cho les t e ro l synthes is in ve r t eb ra te s 
increases on a high carbohydrate and f a t l eve l d i e t s has been 
pointed out by West and Todd (1961), Wilson et aX. (196?) and 
Lehninger (1982 ). I t may be mentioned t h a t , using s imi l a r wet 
d i e t s , Rahman (1986) noted changes in the body composition and • 
ponderal index of H. f o s s i l i s and a t t r i b u t e d such changes p a r t i -
cular ly to the prote in leve l of the d i e t . 
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SUMMARY 
H. f o 3 3 i l l 3 , a freshwater s i l u r o i d , could be reared on fresh 
wet d i e t s , such as low qual i ty buffalo meat, l i v e r , spleen and 
o f f a l , and su f f i c i en t growth could be obtained even with low 
prote in d i e t s . The growth of the f i sh was, however, found scffected 
with the composition of d i e t , p a r t i c u l a r l y with the pro te in l e v e l 
and the pro te in : energy r a t i o of the d i e t . The minced meat d i e t , 
with IQ'i protein and a p ro te in : energy r a t i o of 11 mg p r o t e i n / k c a l , 
gave the best r e s u l t s in . te rms of u t i l i s a t i o n and conversion 
ef f ic iency, the food conversion r a t i o being 2.96, i^ereas lowest 
growth was encotrntered with the d ie t composed mainly of offal 
which had a low prote in (7%) and a p ro te in : energy r a t i o of 5 mg 
p r o t e i n / k c a l . The requirement of c a l o r i e s to produce a kg of f i sh 
was minimum with the minced meat d i e t . A prote in sparing ef fec t 
of d ie tary f a t was a lso evident . The qual i ty of d i e t also a l t e r ed 
the blood p ro f i l e of the f i s h . Haemoglobin leve l and ery thropoies i s 
were foxmd pos i t ive ly r e l a t ed to d ie ta ry pro te in in t ake . Pish fed 
the minced meat d ie t showed g r e a t e r haemoglobin concentra t ion, 
erythrocyte count and haematocri t . The values for these haemato-
log i ca l parameters were lowest in f i sh fed the offal d i e t . The 
e iythrocyte sedimentation r a t e , on the contrary , recorded low 
value with minced meat and h ighes t with the offal d i e t s . The 
mean c e l l volume, mean c e l l haemoglobin and mean ce l l haemoglobin 
concentrat ion var ied l i t t l e with the d i e t s . Influence of the four 
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wet d i e t s was more pronounced on the seium pro te in and cho les t e ro l 
l eve l s of the f i s h . Hypercholesteremic condition occurred in f i s h 
fed with chopped l i v e r d i e t , while lowest cho les te ro l level was 
noted in the group fed with the offa l d i e t . 
TABLE - I . Proximate composition of diets 
Diets 
g/lOO g wet tissue 
I II III IV 
Protein 18.03 13.60 11.65 7.05 
Pat 10.50 10.20 11.40 11.20 
Carbohydrate 0.57 2.85 1.65 1.05 
Moisture 70.00 71.20 73.80 80.00 
Ash 0.9 2.1 -1.4 1.9 
TABLE - I I . Calor i f ic value (koal/lOO g) and the n u t r i e n t r a t i o s 
in the t e s t d i e t s 
Prote in ca lo r i e s 
Fat ca lo r i e s 
Carbohydrate Ci 
Total ca lo r i e s 
Protein:Bnergy 
Pro te in energy: 
a lo r ies 
r a t i o 
: Total ener 
] 
> 
72. 
94. 
2. 
168. 
10. 
•gyC/) 42. 
.12 
.50 
,28 
.90 
.67 
.69 
Diets 
I I 
54. 
91, 
1 1 . 
157. 
8. 
34. 
.40 
.80 
.40 
,60 
.63 
'50 
I I I 
46. 
102. 
6, 
155. 
7. 
29. 
.60 
.60 
,60 
,80 
.47 
90 
IV 
28. 
100. 
4. 
133. 
5. 
2 1 . 
,20 
,80 
,22 
,22 
.29 
,17 
Oalories required/kg of f i sh 
produced 4999*44 5610.56 7213.54 10962.36 
TABLE - III. Growth and feed efficiency of H. fosailia fed fresh 
wet diets 
Diets 
II III IV 
Average initial wet weight 14.390 15.108 14.062 14.229 
(g) 
Average f i n a l wet weight 18.750 18.920 16.792 15.783 
( « ) 
Live weight gain 30.340 25.230 19.420 10.920 
(%) 
Specific growth rate 0.880 0.750 0.590 0.340 
(%) 
Pood conversion r a t i o 2,960 3.560 4.630 8.230 
Gross growth ef f ic iency 0.337 0.280 0.224 0.121 
Survival 100/^ 
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TABLE - VI. Serum protein and cholesterol levels of H. foasills 
fed fresh wet diets 
Diets 
II III IV 
Serum protein (g/lOO ml) 3.866 3.697 3.313 3.016 
+0.116 +0.091 +0.047 +0.047 
(N.S.) (P<0.05)(P<0.01) 
Serum cholesterol 438.424 556.284 414.631 368.520 
(mg/100 ml) +10.237 +10.294 +8.435 +10.524 
(P<0.001) ?N.3.) (P<0.05) 
Mean + S.E. 
Diet I used as control; diet II-IV as experimental for t - t e s t ; 
n=6 . 
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CHAPTER III 
CHAPTER - I I I 
EFFECTS OF DIETARY SALT MIXTURE LEVELS ON THE GROWTH AND 
HABMATOLOGY OF THE CATFISH, HETER0PKEU3TES F0S3ILI3 BLOCH 
INTRODUCTION' 
The a b i l i t y of f i s h t o absorb i n o r g a n i c e l o n e n t s n o t only 
from t h e i r d i e t but a l so from e x t e r n a l environment a c ro s s the 
g i l l and sk in makes i t d i f f i c u l t to e l u c i d a t e the n u t r i t i o n a l 
f u n c t i o n of d i e t a i y m i n e r a l s . Most s t u d i e s on metabolism of 
m i n e r a l s i n f i s h have been connected with osmoregu la t ion , a l though 
t h e importance of m i n e r a l s a s n u t r i e n t has long been emphasized; 
Comprehensive reviews oh t h e minera l r equ i r emen t s of f i s h have 
been made by s e v e r a l worke r s (Ke to la , 1977; Cowey and Sa rgen t , 
1979; L a l l , 1979; L o v e l l , 1980, 1984; NAS-NRC, 1983; Cho e t ^ . ^ 
1985) . 
The p r e s e n t s e t of s t u d i e s were under taken to a s s e s s the 
e f f e c t of d i e t a r y s a l t mixture l e v e l s on t h e growth and haemato-
logy of H. f o s s i l i s . 
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MATERIALS AND METHODS 
Specimens H. f o s s l l l s (average t o t a l l e n g t h 1 4 . 8 + 0»06 cm, 
average weight 13 .88 + 0 .15 g) f o r t h e p r e s e n t experiment were 
procured from t h e p r e v i o u s l y a c c l i m a t i z e d f i s h s t o c k . A 4-week 
feed ing t r i a l , wi th r e p l i c a t i o n s , was conducted i n 4 0 - 1 g l a s s 
a q u a r i a (60 x 28 x 30 cm) a t a s t ock d e n s i t y 12 f i s h p e r aqxiaritim. 
The average w a t e r t empera tu re and d i s s o l v e d oxygen were 28 + 1 C 
and 6 , 5 + 1 ppm, r e s p e c t i v e l y . F i sh were fed f i v e d i f f e r e n t semi -
p u r i f i e d t e s t d i e t s wi th d i f f e r e n t s a l t mix ture l e v e l s (Table I ) , 
i n c o r p o r a t i n g McGollum's s a l t mixture 185 f o r t i f i e d wi th t r a c e 
e l emen t s . The composi t ion of v i t amin and minera l mix tu re was 
t h e same as g iven elseiirfiere ( see Chapter I ; Table I ) . 
At t h e end of t h e f e e d i n g t r i a l and before s a c r i f i c i n g t h e 
f i s h fo r c o l l e c t i o n of blood and subsequent haemato log ica l 
a n a l y s e s , t he measurements f o r growth pa rame te r s were made. The 
methods have been d e t a i l e d under General Methodology s e c t i o n . 
RESaLTS 
Results of the feeding trial with H. fossilis fed different 
dietary salt mixture levels have been given in Table II and 
plotted in Figs. 1 and 2. The nutritional parameters in fish 
were found markedly influenced with various levels of dietary 
- 52 -
s a l t mixture. The d ie t de f ic ien t in s a l t mixture resu l ted i n 
retarded growth in teisns of spec i f i c growth r a t e percent as 
well as conversion ef f ic iency . The growth r a t e increased with 
increase in the leve l of s a l t mixture in d i e t up to A% l eve l of 
incorporat ion beyond which a suppression i n growth was evident . 
Growth curve represent^ing the weekly weight gain percent (Pig. 1) 
fo r the various d ie ta ry s a l t l eve l t rea tments over the exper i -
mental period showed maximum gain i n f i sh fed the d i e t containing 
4-% s a l t level mixture i ^ i l e a lower gain was encountered at 0% 
s a l t l e v e l . Likewise, bes t feed conversion r a t i o and maximum 
gross growth eff ic iency were observed i n f i sh at 4/^  d ie ta ry s a l t 
in take ( P i g . 2 ) . The va lues of these parameters were lower with 
d i e t s def ic ien t in s a l t and those supplemented with higher l e v e l s 
of s a l t mixture. 
The proximate composition of f i s h fed the var ious exper i -
mental d i e t s has been shown i n Table I I I . The differences i n 
the f a t , moisture and ash contents of f ish fed the var ious 
d i e t a iy s a l t mixtures were not prominent. The musde pro te in 
content , however, seemed affected with d ie ta ry s a l t l e v e l s , 
obtsdning the maximum at 4% and lower values at l e v e l s of i nco r -
porat ion over and below 4^. 
Tables IV-VI and P igs . 3-5 give the da ta on the haemato-
l o g i c a l parameters of the f i s h fed the var ious d ie ta ry s a l t 
l e v e l s . The haemoglobin concentrat ion i n the blood was found t o 
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increase with the level of s a l t mixture in the d i e t up to 4% 
level of inc lus ion beyond which a decline was evident ( F i g , 3 ) . 
The increase in haemoglobin a t 4/^  s a l t l eve l incorporat ion was 
s ign i f i can t both in male (P^lO.Ol) as well as in female (P<0 .02 ) 
f i s h . The pa t t e rn of changes i n the haematocrit and erythrocyte 
count was s imi la r to tha t observed for haemoglobin content . 
Lowest value of haematocrit and e ry throcyte count were noted in 
f i sh fed the d ie t def ic ien t in s a l t mixture. The values increased 
with the d ie tary s a l t in take reaching the maximum a t A% l e v e l of 
s a l t incorporat ion i n d i e t ( P i g . 3 ) . The r i s e i n haematocrit value 
a t A7O l eve l of d ie ta ry s a l t incorporat ion was found s ign i f i can t 
(?<::[0.01) in mal^s only. The f a l l in the haematocrit and e i y t h r o -
cyte count with higher sa l t l e v e l s were maifced in both the sexes . 
The changes i n the erythrocyte sedimentation r a t e at various 
d ie ta ry s a l t l e v e l s were opposite to those observed f o r t h e 
haematocrit and e iy throcyte count. I t decreased with increase 
in the s a l t l eve l of d ie t up to 4/^, t h e r e a f t e r , i t increased 
pos i t i ve ly with the incorporat ion of higher l e v e l s of s a l t in 
the d i e t . Thus, the lowest eiythrocjrte sedimentation r a t e was 
observed i n both the sexes at A/, s a l t l e v e l . 
The mean corpuscular constants showed a response s i m i l a r 
to t ha t of haemoglobin, haematocrit and erythrocyte coxmt a t 
d i f ferent l e v e l s of s a l t in take (Table V and Fig. 4 ) . The mean 
ce l l volume increased s i g n i f i c a n t l y up to 4/i d ie ta ry s a l t mixture 
- 54 -
both in male (P<0.02) as well aa in female (P<0 .01) f i s h , idiile 
the decline in the Tslues beyond t h i s l eve l was i n s i g n i f i c a n t . 
Likewise, the mean c e l l haemoglobin increased (P<0 .05) to the 
maximum with the inclusion of s a l t mixtxire in the d ie t up to 4% 
leve l in both the sexes. A f a l l in the mean c e l l haemoglobin 
was evident with highep l eve l s of d i e t a iy s a l t incorpora t ion , 
s ign i f i can t only in female (P<0.001) f i s h . Var ia t ions in the 
mean ce l l haemoglobin concentrat ion a t various l eve l s of d i e t a ry 
s a l t in take were l e s s pajonounced. Sex-related di f ferences in 
the above mentioned parameters were observed to be s ign i f i can t 
at d i f ferent l e v e l s of d ie ta ry s a l t i n t a k e . 
The serum prote in and cho les te ro l l e v e l s were also fouad 
to vaiy with l e v e l s of d i e t a r y s a l t intake (Table YI and P i g . 5 ) . 
A low serum prote in content was fo\md in f i sh fed the s a l t -
de f ic ien t d i e t . I t increased s i gn i f i c an t l y (P<0.001) up to 4% 
d ie t a ry s a l t l eve l incorporat ion and decl ined at the higher 
l e v e l s , the minimum serum pro te in value being obtained in f i s h 
supplied with 8% s a l t mixture in the d i e t . Serum cho le s t e ro l , 
on the o ther hand, declined with the increase in d i e t a r y s a l t 
l e v e l s up to 2% beyond which an increase was evident . The 
maximum serum choles te ro l was found in f i sh fed d i e t with 8% 
s a l t level incorpora t ion . 
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DISCCJSSION 
The r e s u l t of feeding s e m i - s y n t h e t i c d i e t s wi th va ry ing 
s a l t mixture l e v e l s to H. f o s s i l i s i n d i c a t e t h a t d i e t a i y s a l t 
mixture l e v e l s e x e r t c o n s i d e r a b l e i n f l u e n c e on the growth of 
t h e f i s h . A 4% l e v e l of s a l t mix tu re i n t h e d i e t was found 
adequate to produce optimiun growth of the f i s h whi le t h e d i e t 
d e f i c i e n t i n t h e s a l t mix tu re r e t a r d e d i t s growth r e s u l t i n g i n 
low feed e f f i c i e n c y . The s tudy s u g g e s t s t h a t i n t a k e of a s p e c i f i c 
(4/^) l e v e l of d i e t a i y minera l mix tu re i s e s s e n t i a l f o r t h e growth 
of t h i s s i l u r o i d and t h a t t h e up take of ions from t h e environment 
may not be s u f f i c i e n t l y enough to meet t h e m i n e r a l r equ i r emen t s 
of t h e f i s h i n t h i s r e g a r d . The food conver s ion e f f i c i e n c y of 
f i s h seems p o s i t i v e l y l i r iked wi th d i e t a i y s a l t l e v e l up t o a 
c e r t a i n l i m i t , as many of the i n o r g a n i c e lements a r e e s s e n t i a l l y 
r e q u i r e d by an imals f o r t i s s u e f o r m a t i o n . A c o r o l l a r y to t h e 
p r e s e n t f i n d i n g was apparen t i n t h e e a r l i e r work on a number of 
f i s h s p e c i e s such a s e e l (Ara i ejt a l . , 1974) , rainbow t r o u t and 
carp (Ogino and Kamizono, 1975; and Ke to l a , 1975a) . The e f f e c t s 
of adding minera l m i x t u r e s to p u r i f i e d t e s t d i e t s on t h e growth 
of f i sh have a l s o r e c e n t l y been i n v e s t i g a t e d i n a few s p e c i e s 
(Frenze l and P f o f f e r , 1982; and Tacon e t si., 1984) . Most c u l t i -
vab le f i s h s p e c i e s have been r e p o r t e d to r e q u i r e a c e r t a i n eusiotint 
of mine ra l mix in t h e i r d i e t s fo r good growth (Nose and A r a i , 1 9 7 9 ) . 
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Ogino and Kamizono (1975) observed that addition of a mineral 
mixture to the purified diet showed improvement in the growth 
and survival of rainbow trout and intake of mineral deficient 
diet by the fish caused retarded growth, high mortality, anemia, 
scoliosis, lordosis and cranial deformity characterized by round 
and shortened snout, ^n H. fosailis. although growth was slow 
and abnormsa in the fish fed on diet containing no mineral 
supplement, no such deficiency symptoms, except anemia, could be 
seen in the fish. Recently, Tacon et al. (1984), while examining 
the effect of feeding graded levels of salt mixture compound with 
an established mineral supplement (McCollum's salt mixture no.185 
plus trace elements) on the growth and body composition of carp 
0. carpio. found that fish fed the ration containing 4% salt 
level displayed the best growth response and feed efficiency 
over the test period. 
Growth suppression in fish at higher mineral mixture level 
as observed during the present investigation could be attributed 
to the stress caused by the excessive excretion of minerals 
through gills, kidney or gut incurring a higher energy expendi-
ture on processes other than giwwth. Evidence of suppressed fish 
growth at higher dietary salt levels was also apparent in the 
work of Ogino and Kamizono (1975) and Tacon et al. (1984). Effect 
of supplemented mineral mixture in the diet of Japanese eel 
(Anguilla .laponica) has been examined by Arai e± al. (1971) i^o 
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found an optimtun requirement of 8^ mineral mixture by the f i s h , 
t h i s being twice the requirement noted during the present i n v e s t i -
gat ion on H. f o s s i l i s . The differences in the response of yeorious 
f i sh species to mineral mixture t e s t d i e t s may be r e l a t e d to the 
a b i l i t y of each to absorb mineral ions from the environment and 
r e t a in ing the absorbed.minerals within t h e i r body. 
With the exception of the ash content , which increased, to 
some extent , with the s a l t l e v e l s in the d i e t , t he o ther c o n s t i -
tuen t s of f ish body were found l e s s affected in H. f o s s i l i s . 
Sakamoto and Tone (1979a) have made more or l e s s s im i l a r observa-
t ions on the red sea bream, Chrysophrys ma.1or. 
Intake of d i f ferent d ie ta ry s a l t mixture l e v e l s s i g n i f i c a n t l y 
a l t e r ed the haematological parameters of H. f o s s i l i s . Maximum 
haemoglobin and erythrocyte count in f i s h fed d i e t s a t 4^ l eve l of 
mineral mix could be r e l a t ed to the enhanced f i sh growth, p rov i -
ding for an e f f i c i en t l eve l of the blood oxygen c a r r i e r system. 
The 4% leve l of s a l t in take seemed adequate a lso for the formation 
of t h i s i r o n - r i c h compound. I t woxild be i n t e r e s t i n g to point out 
t ha t the f i sh which received s a l t mixture at l e s s than 4/^  l e v e l 
or the s a l t - d e f i c i e n t d ie t displayed anemic condi t ions a t t he 
end of feeding t r i a l . This may be the consequence of lack of 
mineral in take . Ogino and Kamizono (1975), while studying the 
effect of d i f fe ren t s a l t l e v e l s on rainbow t rout and carp, found 
tha t erythrocyte counts in the former were g r e a t l y affected with 
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the d ie tary s a l t l e v e l . The maximal haematocirit value obaeirved 
at 4% leve l of d ie ta ry s a l t in take i n H. f o a s i l i s seemed olosely 
r e l a t ed to e ry th ropo ies i s . The erythrocyte sedimentation r a t e 
which showed a f a l l at 4% l eve l of d ie ta ry s a l t intake and a 
r i s e in f i sh fed d i e t s supplemented with higher l eve l s of s a l t 
seemed associated with, poss ible changes i n blood v i scos i ty 
r e su l t i ng from increased erythrocyte count. 
The low value of mean copuscular constants observed in 
H. f o s s i l i s fed d ie t de f ic ien t i n s a l t mixture indicated micro 
or macrocytary anemia. Sakamoto and Yone (1979a) observed s imi l a r 
i ron deficiency anemia in red sea bream fed on a mineral de f i c i en t 
d i e t . 
Influence of d i e t a r y s a l t i n t ake was evident both on serum 
pro te in and choles te ro l l e v e l s of H. f o s s i l i s . and the increase 
in the former up to 4% s a l t in take was found assoc ia ted with 
h igher growth at t h i s l e v e l . That a higher serum pro te in i s 
r e l a t ed to f ish growth has a lso been documented for rainbow 
t r o u t (Sano, I960) . Sakamoto and Yone (1979a), however^observed 
no s ign i f i c an t differences i n the blood serum pro te in and choles te-
ro l of red sea bream with s a l t - d e f i c i e n t and supplemented d i e t s . 
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SUMMARY 
The l e v e l s of d ie ta ry s a l t mixture contained in semi-syntheti 
d ie t fed to the s i l u r o i d , H. f o s a i l i s , were found to influence the 
growth of t h i s spec ies . Using McOollum*s s a l t mixture no. 185 
f o r t i f i e d with t r ace elements, the optimum leve l of sa l t required 
by the f i s h , reared under labora tory condi t ion, was noted to be 
4 / . At t h i s l eve l of s a l t incorporat ion the f i s h showed best 
growth in terms of conversion eff iciency and spec i f i c growth 
r a t e . l e v e l s of s a l t mixture below 4% seemed l insuff icient to 
meet the mineral n u t r i t i o n a l requirements of t h i s spec ies . 
Similar ly , higher d ie ta ry s a l t l e v e l s suppressed f i sh growth. 
Although the body composition of f i sh was l e a s t affected with 
varying s a l t l e v e l s in d i e t , there was pos i t ive experimental 
evidence to show tha t the blood p ro f i l e of f ish ge t s s ignf ican t ly 
a l t e r e d . Maximal values of haemoglobin, erythrocyte count and 
haematocrit obtained at 4% leve l of s a l t in take were accompanied 
with lower values fo r these parameters above and below t h i s l e v e l . 
Low values of mean c e l l volume and mean ce l l haemoglobin in 
ind iv idua ls fed s a l t - d e f i c i e n t d ie t caused sinemic condit ion in 
f i s h . Erythrocyte sedimentation r a t e decreased with the sa l t • 
l eve l up to 4/i but increased at higher l e v e l s . The serum pro te in 
and choles te ro l l e v e l s of f i sh a lso a l t e r ed with the l e v e l s of 
die tary sa l t mixture, the serum prote in increased with s a l t 
incorporat ion up to 4^ l e v e l . The study poin ts to the importance 
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of sa l t supplementation in the diet of th is s i luroid if the 
fish i s to he raised on a r t i f i c i a l ra t ion. More detailed 
investigations on these l ines with improvised foiamilations i s , 
however, recommended. 
TA3LE - I. Ingredient composition of test diets 
Mineral mixture level 
Ingredient • • ' • 
(g/200 g diet) ' OX 2% \% S% 8% 
Casein 
Starch 
Dextrin white 
Corn o i l 
Cod l i v e r o i l 
Vitamin mix.* 
Mineral mix.* 
a-Cellulose 
Water 
40 
20 
25 
2 
3 
2 
0 
8 
100 
40 
20 
25 
2 
3 
2 
2 
6 
100 
40 
20 
25 
2 
5 
2 
4 
4 
100 
40 
20 
25 
2 
3 
2 
6 
2 
100 
40 
20 
25 
2 
3 
2 
8 
0 
100 
For d e t a i l s of vitamin and mineral mix. r e fe r to Table-I , 
Chapter I . 
TABLE - I I . Growth and feed ef f ic iency of H. f o s s i l i s a t d i f f e ren t 
l e v e l s of d i e t a ry mineral mixture 
Mineral mixture l eve l 
2% 4% 6% J% 
Average initial wet weight(g) 14.321 13.846 13.610 13.517 14.128 
Average final wet weight(g) 15.857 15.607 15.964 15.464 16.018 
Live weight gain(%) 10.695 12.798 17.275 14.402 15.554 
Specific growth rate("/) 0.362 0.429 0.56^ 0.480 0.448 
Food conversion ratio 6.580 5.690 4.272 5.141 5.682 
Gross growth efficiency 0.153 0.177 0.235 0.195 0.189 
Survival 1007 
TABLE - I I I . Proximate composition of H. f o s s i l i s at d i f fe ren t 
l e v e l s of d ie ta ry mineral mixture 
Mineral mixture l e v e l 
g/100 wet weight 
2% 4% 6% % 
Moisture 80.275 80.437 78,725 79.725 79.963 
Ash 5.650 6.000 5.950 6.150 6.850 
Crude fat 1.500 1.550 1.690 1.600 1.680 
Protein 10.829 11.297 12.844 11.618 11.182 
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TABLE - VI, Serum protein and cholesterol levels of H. fosallia at 
different I6v6ls of dietary mineral mixture. 
Mineral mixture level 
0% 2% 4% 6% 
Serum protein 
(g/100 ml) 
5.097 
+0.056 
5.570 
±0.144 
(N.S.) 
5.783 5.044 
±0.038 ±0.031 
(P^O.OOl) (N.S.) 
4.763 
±0.052 
(N.S.) 
Serum cholesterol 217.045 185.919 204.733 243.328 257.712 
(mg/100 ml) ±10.975 ±10.864 ±6.232 ±12.758 ±7.543 
(N.S . ) (N.S. ) (N.S . ) (N .S . ) 
Mean + S.B. 
0% minera l mix ture l e v e l used as c o n t r o l ; 2-8% minera l mixture l e v e l s 
used as expe r imen ta l f o r t - t e s t j n=10-12. 
20.0 r 
15.0-
< 
(-
X 
10.0-
DURATION (WEEKS) 
F i g . l . Growth curve represent ing the weekly 
l i v e weight gain percent in H. f o s s i l i s 
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F i g . 3 . Haematological parameters of H. f o a s i l l s 
at varying d ie ta ry mineral mixture l e v e l s ( ^ male; , female; • • , 
Haemoglobin/Brythrocyte coxint; 
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F i g . 4 . Mean corpuscular constants of H. f o s s i l i s at 
varying d ie ta ry mineral mixture l eve l s ( - — ,male; 
, female;A A,Mean c e l l volume; • • , Mean 
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CHAPTER IV 
CHAPTER - IV 
BPPBGTS OF IRDN-DBFICIMT DIET ON THE aROWTH AND HA34AT0L00T 
OF THE CATFISH, HBTER0PNEUSTE3 F0S3ILI3 BLOCH 
. INTRODUCTION 
Fish are reported to require iron and develop deficiency 
symptoms if the element is lacking in their diet. The charac-
teristic hypochromic microcytic anemia due to iron deficiency 
has been observed in several fish species like bix>olc trout 
(Kawatsu, 1972), yellowtail (Ikeda et ^ . , 1973), red sea bream 
(Yone, 1975) and carp (Sakamoto and Tone, 1978c). Nutritional 
deficiencies of phosphorus, magnesium, iron, zinc, etc., have 
been characterized, in detail, mainly in salmonids (Lall, 1979). 
Differences in growth response with varying dietary levels of 
iron and other minerals have also been reported in various 
species of fish (Lovell, 1980). 
The present study deals with the effects of iron-deficient 
diet on the growth and haematological characterisitics of 
H. fossilis. 
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MATBRIAIS AND METHODS 
Heal thy and a c c l i m a t i z e d specimens of H. f o s s l l i s (average 
t o t a l l e n g t h 15 .5 + 0 .087 cm; average weight 20.5 + 0 . 1 g) were 
used f o r the p resen t work. D e t a i l s of d i e t p r e p a r a t i o n and 
feeding t r i s i l were the^ same as de sc r ibed e a r l i e r ( see Chapte r I ) . 
A 4-week f eed ing t r i a l was conducted i n 40-1 g l a s s aquairLa 
(60 X 28 X 30 cm) a t a s tock ing d e n s i t y of 12 i n d i v i d u a l s per 
aquarium. Average wa te r t empera tu re and d i s s o l v e d oxygen dur ing 
t h e pe r iod of f eed ing t r i a l were 29 + 1°C and 6.0 ppm, r e s p e c -
t i v e l y . The composi t ion of exper imenta l d i e t h a s been g iven i n 
Table I . Diet c o n t a i n i n g f e r r i c c i t r a t e was used as the c o n t r o l 
( d i e t I ) , whi le t h e i r o n - d e f i c i e n t d i e t ( d i e t I I ) was p repared 
by r e p l a c i n g f e r r i c c i t r a t e with a - c e l l u l o s e f l o u r . 
Growth assessment and haema to log i ca l e s t i m a t i o n s were 
c a r r i e d out u s ing t h e t e c h n i q u e s de sc r ibed under General 
Methodology s e c t i o n . 
RESULTS 
Data on the growth and convers ion e f f i c i e n c y of H. f o s s j l i s 
fed i r o n - d e f i c i e n t and supplemented t e s t d i e t s have been g i v e n 
i n Table I I and p l o t t e d i n P i g . l . The f i s h fed the i r o n con ta ined 
d i e t e x h i b i t e d a s l i g h t l y h i g h e r growth r a t e , b e t t e r food conver -
s ion and g r o s s growth e f f i c i e n c y compared to t h o s e fed the i r o n -
d e f i c i e n t d i e t . The s p e c i f i c growth r a t e a l s o d e c l i n e d i n t h e 
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fish fed the iron-deficient d ie t . 
The haematological character is t ics of the fish fed the two 
diets (diets I and I I ) have been shown in Tables III-V and 
f'igs. 2-4. The haematological parameters of H. foss i l i s seemed 
greatly affected by the deficiency of iron in d i e t . Fish rece i -
ving the iron-deficient d ie t showed low values of haemoglobin in 
both the sexes compared to those fed the control d ie t . I t was 
observed that although the haemoglobin concentration fe l l rapidly 
both in male as well as in female fish receiving the iron-deficient 
diet , the decline was mo?:e significant in female (P<.0.001) than 
in the male (P<C0.01) f ish . The erythrocyte count was likewise 
affected with iron-deficient diet , the fa l l being more s ign i f i -
cant in male (P<10.01) f ish . A similar decline was observed in 
the haematoorit value of the fish group fed the iron-deficient 
d ie t . In male the decline in haematocrit between diets I and I I 
was from 42.6 to 35.5^ and in female from 37.4 to 30.6^, the 
decline being more significant in female (P<0.001) than in male 
(P<0.01) f ish. On the contrary, the erythrocyte sedimentation 
rate increased significantly in f ish fed the iron-deficient d ie t 
compared to fish receiving the iron supplemented d ie t . The f a l l 
in the erythrocyte sedimentation rate was, however, more s ign i -
ficant in male (P^O.OOl) than in the female (P<0.02) f i sh . An. 
inverse relationship was thus apparent between the erythrocyte 
count ahd erythrocyte sedimentation rate (Pig.2) . The r i s e in 
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the erythrocyte sedimentation r a t e was accompanied with a decl ine 
in the erythrocyte count of the f i sh fed the d i e t - d e f i c i e n t In 
i ron , while an opposite response was evident in f i sh fed the 
iron supplemented d i e t . 
The response of f ish to the i ron-def ic ien t and supplemented 
d i e t analysed in r e l a t i o n to sex ind ica t e t h a t , excepting the 
erythrocyte count and ery throcyte sedimentation r a t e , haemato-
log ica l parameters such as haemoglobin sind haematocrit were more 
affected by d ie ta ry i ron-def ic iency in female than in male f i s h . 
The mean corpuscular constants were also fotmd markedly 
affected in f ish fed the i ron -de f i c i en t d i e t (Table IV; F i g . 5 ) . 
A s ign i f i can t (P<0 .01) decl ine was observed in the mean c e l l 
volTJime of both male and female f i sh fed the i ron -de f i c i en t d i e t . 
The decl ine in male was from 163.7 to 136.8 jim-^/red c e l l and in 
female from 149.7 to 130.2 nm"^/red c e l l . S imi lar ly , on comparing 
the values of mean c e l l haemoglobin between the two groups of 
f i sh fed d i e t s I and I I , lower values were obtained in the f i sh 
receiving the i ron-def ic ien t d i e t ( I ) , the f a l l being s ign i f i can t 
(P^lO.Ol) in both the sexes. The values of the mean c e l l haemo-
globin concentrat ion of the f i sh fed the i ron -de f i c i en t d i e t 
were more or l e s s comparable to the group fed the control d i e t . 
The ef fec t of feeding i ron -de f i c i en t d ie t on t o t a l sexam 
pro te in was neg l ig ib l e as no s i gn i f i c an t d i f ference could be 
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seen between the c o n t r o l and exper imenta l group (Table V; i ' i g , 4 ) . 
I n c o n t r a s t , t h e serum c h o l e s t e r o l was foTind s i g n i f i c a n t l y (P^CO.Ol) 
a f f e c t e d by d e f i c i e n c y of i r o n i n t h e d i e t . The f a l l i n the 
serum c h o l e s t e r o l of f i s h fed t h e i r o n supplemented and d e f i c i e n t 
d i e t s was from 250 t o 225 mg/lOO ml. 
DISCUSSION 
I t i s known t h a t f i s h e s r e q u i r e d i f f e r e n t mine ra l e lements 
f o r good h e a l t h and growth and t h a t a l l o r most of t h e m i n e r a l s 
e s s e n t i s i l to n u t r i t i o n of h i g h e r v e r t e b r a t e s seem e s s e n t i a l f o r 
f i s h (Ashley, 1972) . Mine ra l s fo\md to b6 r e q u i r e d i n ' t h e d i e t 
by v a r i o u s f i shes^ b e s i d e s calcium and phosphorus , i n c l u d e 
e lements l i k e magnesium, i r o n , i o d i n e , se len ium, z i n c , copper 
and manganese ( L o v e l l , 1984) . S t u d i e s to a s s e s s t h e requi rement 
of m i c r o n u t r i e n t s , i nc lud ing m i n e r a l s , t h a t a r e e s s e n t i a l i n 
t i s s u e fo rmat ion and v a r i o u s me tabo l i c p r o c e s s e s i n f i s h are 
r e l a t i v e l y few (NAS-NRO, 1975; Ogino and Kamizono, 1975; Takeda 
and Ogino, 1975; Ha lver , 1979; and L a l l , 1979) . N u t r i t i o n a l 
d e f i c i e n c i e s of m i n e r a l s have been c h a r a c t e r i z e d i n some s e l e c t e d 
f i s h s p e c i e s (Ashley, 1972; L a l l , 1 9 7 9 ) . Of the a n t i - a n e m i c 
m i n e r a l s , i r o n heads the l i s t . 
The r e s u l t s of t h e p r e s e n t s tudy i n d i c a t e s t h a t d e f i c i e n c y 
of i r o n i n t h e d i e t a f f e c t s the growth , food convers ion e f f i c i e n c y 
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and haematology of H. f o a a i l i s . Growth and conversion efficiency-
improved s l ight ly in fish fed the iron contained diet , indicating 
thereby that iron i s required by the fish for i t s growth, p a r t i -
cularly vhen on a r t i f i c i a l d ie t . Althoiigh iron requirements have 
not been quantified for most fish species, the information so far 
available suggests that several of the cultivable species do 
require iron supplementation in t he i r d ie t , Arai et a l . (1975a) 
observed that eel required approximately 17 mg percent of i ton 
in i t s d i e t . Boeder and Roeder (1966) reported that addition of 
ferrous sulphate to water in aquaria increased the growth ra te 
of swordtail (Xiphophorua he l l e r i ) and platyfish (X. maculutris). 
Variations in the dietary levels of iron and other minerals 
caused differences in the growth response of several other f ish 
species (Lovell, 1980). In the carp, G. oarpio, however no 
significant difference in the growth was recognized in f ish fed 
the iron-deficient and supplemented diet (Sakamoto and Tone, 
1978c). 
I t was interesting to note that the influence of feeding 
iron-deficient diet to H. foaai l is was markedly reflected by 
changes in the haematological character is t ics of the f ish. Since 
most iron in the blood i s located in the red cel ls , mainly in 
the form of haemoglobin, an iron-protein complex compound, the 
f a l l in the haemoglobin concentration observed in the blood of 
H. fo s s i l i s fed the iron-deficient diet indicates that dietary 
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i ron i s e s sen t i a l fo r the formation of t h i s important compound. 
Wilson et a l . (1967) have s t a t e d t h a t eventhough i ron c o n s t i -
t u t e s l e s s than one percent of the t o t a l weight of the haemoglobin 
moleciile, i t i s the keystone fo r i t s f o m a t i o n , and i t s deficiency 
in d i e t causes obs t ruct ion i n the haemoglobin b iosynthes i s . The 
f a l l in haematocrit value observed in f i sh fed the i r on -de f i c i en t 
d ie t seemed r e l a t ed to the number of red blood c e l l s . Suppressed 
e ry thropoies i s and subseqaent low erythrocyte count lead to the 
decl ine in the packed c e l l volume. The higher erythrocyte 
sedimentation r a t e observed i n f i s h fed the i ron-de f i c i en t d i e t 
may l ikewise be l inked t© lower erythrocyte count and increased 
plasma volume. I t has been indica ted that such a l t e r a t i o n s i n 
f ish blood r e su l t in low plasma v i scos i t y , allowing the c e l l s to 
sediment more quickly. Sakamoto and Yone (1978c) have noted a 
f a l l in the haematocrit value and haemoglobin content of C. carpio 
fed on i ron-de f i c i en t d i e t . 
The appearance of hypochromic microcytic anemia in H. f o s a i l i s 
fed the i ron -de f i c i en t d ie t has e a r l i e r been i den t i f i ed as one 
of the iron deficiency symptoms in brook t r o u t (Kawatsu, 1972),-
ye l lowta i l (Ikeda et a l . , 1973), ee l s (Aral e t a l . , 1975a)^ red 
sea bream (Yone, 1975) and carp (Sakamoto eind Yone, 1978c.). I t 
has been pointed out tha t i n t he red sea bream and carp a minimum 
die tary i ron concentrat ion of 150 mg/kg i s required to prevent 
such anemic condit ions (Cho e t ^»t 1985). 
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Although Sakamoto and Yone (1978c) have found l i t t l e effect 
of dietary iron deficiency on the to ta l serum protein and 
cholesterol levels of C. oarpio, a s l ight f a l l in the cholesterol 
level was seen in H. f o s s i l i s fed diet lacking in iron. I t would, 
however, be interesting to quantify the iron requirements of 
t h i s s i luroid. 
SUMMARY 
The effect of feeding iron-deficient diet was studied on 
the growth and haematology of the catfish, H. f o s s i l i s . Growth 
and food conversion efficiency of fish was foimd affected by 
the deletion of iron from the diet but improved s l ight ly with 
supplementation of t h i s important mineral. The influence of 
iron -deficiency in the diet was reflected by marked changes in 
the haematological character is t ics of the f i sh . The haemoglobin, 
haematocrit, eiythrocjrte count and mean corpuscular constants 
showed significant f a l l in f ish fed the iron-deficient die t , 
whereas the erythrocyte sedimentation ra te registered an increase. 
The fish showed evidence of hypochromic microcytic anemia as 
dietary iron deficiency symptom, A slight f a l l in serum choles-
te ro l was observed in fish supplied with the iron-deficient d ie t , 
though serum protein was found almost unaffected. The piresent 
study anphasizes the importance of iron supplementation in the 
a r t i f i c i a l diet of the above s i luroid. 
TABLE - I . I n g r e d i e n t composi t ion of t e s t d i e t 
I n g r e d i e n t (g/200 g d i e t ) 
Casein 40 
S tarch 20 
Dext r in whi te 25 
Com o i l 2 
Cod l i v e r o i l 3 
V i t a a i n mix. 2 
Mineral mix. 4 
a - C e l l u l o s e 4 
Water 100 
*Por d e t a i l s of v i t amin and minera l mix. r e f e r t o 
Table I , Chapter I . 
TABLE - I I . Growth and feed eff ic iency of H. f o s s i l i s fed with 
and without i ron supplemented d i e t s 
Diets 
I I •> * 
Average initial wet weight (g) 
Average final wet weight (g) 
Live weight gain (%) 
Specific growth rate {%) 
Pood conversion ratio 
Gross growth efficiency 
21.610 
25.357 
17.307 
0.570 
2.886 
0.374 
19.285 
22.143 
14.835 
0.493 
3.500 
0.286 
« A 
Survival 100°/; Survival 80// 
TABLE - I I I . Haeraatological values of H. f o s s i l i s fed with and 
without iron supplemented d i e t s 
Diets 
_ 5 _ _ 
M 
I I • • 
M 
Haemoglobin (g/lOO ml) 8.383 7.802 
+0.199 +0.185 
6.375 5.967 
+0.051 +0.116 
(P<0.01) (P^ lO.OOl) 
Haematocrit (%) 42.557 37.385 
+0.814 +0.552 
33.513 
+0.605 
30.603 
+0.425 
(P<0.01) (P<0.001) 
Erythrocyte count(mill/mm^) 2.600 2.494 
+0.032 +0.009 
2.450 2.350 
+0.019 +0.022 
(P^O.Ol) (P<0.02) 
Eiythrocyte sedimentation 
r a t e (mm/h) 2.300 3.100 +0.178 +0.167 
4.000 
+0.141 
4.600 
+0.219 
(P^0.001)(P<:0.02) 
Mean + S.E. 
*Used as control; ^ ^Used as experimental for t-test}n=5. 
TABLE - IV. Mean corpuscular constants of H. fossilia fed with 
and without iron supplemented diets 
M 
Diets 
II ** 
F M 
Mean cell volume(nm^/red cell) I63.688 149.719 136.840 130.235 
+2.990 +2.140 +2.767 +1.492 
(P^0.0l)(P<i0.0l) 
Mean c e l l haemoglobin(g/100 ml) 32.273 31.286 26.035 25.400 
+0.957 +0.754 +0.358 +0.498 
(P^O.Ol) (P^O.Ol) 
Mean c e l l haemoglobin 
c o n c e n t r a t i o n {%) 19. +0. 
.702 
.333 
20. 
+0. 
.891 
.341 
19. 
+0. 
(N. 
.046 
.283 
, 3 . ) 
19 . 
+0. 
(N. 
.512 
,401 
,S . ) 
Mean + S.E, 
Used as control; Used as experimental for t-testj.n=5. 
TABLE - V. Senim prote in and choles te ro l l e v e l s of H. f o a s i l i s 
fed with and without i ron supplemented d i e t s 
Diets 
-p 'F X T * * 
Serum protein (g/lOO ml) 5.193 4.932 
+0.170 +0.200 
(N.S.) 
Serum cholesterol(mg/lOO ml) 250.936 225.688 
+2.860 +7.288 
(P<0.01) 
Mean + S.E. 
Used as cont ro l ; used as experimental for t - t e s t ) n=9. 
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CHAPTER V 
CHAPTER- V 
THE EFFECTS OF DIETARY PHOSPHORUS LEVELS ON THE GROWTH AND 
HAEMATOLOGY OF THE CATFISH, HETER0PNEUSTE3 F03SILI3 BLOGH 
. INTRODUCTION 
Calcium and phosphorus have been demonstrated to play an 
important role in the nutrition of fish (Cowey and Sargent,1979J 
Halver, 1979; Lall, 1979; Nose and Arai, 1979; Lovell, 1980; 1984, 
and Cho e_t al., 1985). Although fish can derive the required 
calcium from its environment, food seems to be the main source 
for phosphorus. It has been emt)hasized that a better understanding 
of the mineral nutrition of fish forms the basis for successftil 
diet formulation contributing to good growth and health of the 
stocks (Lall, 1979). Several authors have reported the require-
ments of fish for these macroelements and indicated that the level 
and ratio of calcium and phosphorus in diet influence fish growth 
(Dove et_ al., 1976; Ogino and Takeda, 1976,1978; Lovell, 1978, 
Ogino e± al., 1979, Watanabe et al., 1980, Takeuchi and Nakazoe, 
1981; Frenzel and Pfeffer, 1982; Wilson ^  al.,1982; and Hepher 
and Sandbank, 1984). 
The present work was undertaken to examine the effects 
of dietary phosphorus levels on the growth, haematology and the 
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c o n c e n t r a t i o n of t h e above m a c r o n u t r i e n t s i n the blood aerum 
and muscle of the c a t f i s h , H. f o s s i l i s . 
MATEBIAI.S AND METHODS 
H. f o a s i l i s ( average t o t a l l e n g t h 1 2 . 7 + 0 . 1 1 cm, average 
weight 12o4 + 0 .26 g) were fed t h e c o n t r o l d i e t ( d i e t I ) , and 
t h e exper imenta l d i e t s ( d i e t s I I - I V ) con t a in ing graded l e v e l s 
of phosphorus under a f i xed d i e t a r y l e v e l of calci t im. The 
composi t ion of t h e t e s t d i e t s has been shown i n Table I . D ie t a ry 
calcium and phbsphorus l e v e l s were a d j u s t e d with calc ium l a c t a t e 
and a mix ture of sodium phsophate (NaH2P0..2H2O) and potassium 
phosphate (KgHPO^) fo l lowing the procedure used by Ogino and 
Takeda (1976) . Feeding t r i a l s were c a r r i e d out u s ing f r e s h 
wate r i n w e l l - a e r a t e d g l a s s a q u a r i a (60 x 28 x 30 cm) a t s t ock ing 
d e n s i t y of 12 i n d i v i d u a l s p e r aquarium. The f i s h were fed ad 
l i b i t u m d a i l y a t 17 .00 h . . Water t empe ra tu r e dur ing t h e e x p e r i -
ment averaged 20 + 1°C. 
Growth, h a e m a t o l o g i c a l pa ramete r s (haema toc r i t and e r y t h r o -
cy te s ed imen ta t i on r a t e ) , muscle ash con ten t and t h e l e v e l s of 
calcium and phosphorus i n t h e blood serum and muscle were 
a s s e s s e d fo l lowing t h e t e c h n i q u e s given p r e v i o u s l y under General 
Methodology, 
' 71 -
RESULTS 
R e s u l t s of the experiment have been summarized i n 
Tables I I - I V . Growth of the f i s h was fotind d i r e c t l y r e l a t e d 
t o t h e l e v e l s of d i e t a r y phosphorus a t f ixed calcium l e v e l . 
The maximum growth oyer the exper imen ta l pe r iod was observed 
with d i e t V a t 0 . 7 ^ phosphorus l e v e l , t h e va lues of v a r i o u s 
growth pa ramete r s (Table I I ) being c l o s e t o those observed 
with the c o n t r o l d i e t ( d i e t I ) . F ish fed d i e t s below 0.7% 
phosphorus showed poo re r convers ion e f f i c i e n c i e s and r e t a r d e d 
growth. The lowes t convers ion e f f i c i e n c i e s and growth were 
observed wi th d i e t I I a t 0.06/1 phosphorus l e v e l ( P i g s . 1 - 2 ) . 
The e f f e c t s of vary ing d i e t a r y phosphorus l e v e l s on 
haema to log ica l c h a r a c t e r i s t i c s of the f i s h have been shown i n 
Table I I I and dep i c t ed g r a p h i c a l l y i n P i g s . 5 -4 . Lower haema-
t o c r i t v a l u e s occurred i n f i s h with lower (0.06% and 0.35>i) 
l e v e l s of a v a i l a b l e phosphorus conta ined i n d i e t s I I and I I I , 
but t h e h a e m a t o c r i t i n c r e a s e d to t h e maximum with d i e t V a t 0 . 7 ^ 
phosphorus i n t a k e . The d e c l i n e i n t h e h a e m a t o c r i t va lue of f i s h 
fed t h e exper imen ta l d i e t s from t h o s e fed t h e c o n t r o l d i e t was 
s i g n i f i c a n t f o r d i e t s I I ( P ^ O . O l ) and I I I ( P ^ 0 . 0 5 ) but t h e 
d i f f e r e n c e was i n s i g n i f i c a n t with d i e t V, The e r y t h r o c y t e 
s ed imen ta t i on r a t e was a l so found a f f e c t e d with the l e v e l s of 
d i e t a r y phosphorus . The e r y t h r o c y t e s ed imen ta t i on r a t e i n c r e a s e d 
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significantly (P<10.02) in fish fed diets II and III over the 
normal values enco\intered with the control diet. The highest 
value, obtained with lowest phosphorus intake (diet II), however, 
declined gradually with increased phosphorus intake, the decline 
being significant (P<o,Ol) between diets II and V. 
Serum phosphorus and calciiuB levels also varied with levels 
of dietary phosphorus in fish. A rise was observed with increased 
phosphorus intake. The maximum serum phosphorus was obtained with 
diet V at 0,7Z phosphorus, the value being close to that obtained 
with the control diet. The differences between the control and 
test diets H (P<0.01)and III (P<0.05) were significant. A 
similar trend was noted for serum calcium of fish in relation 
to dietary phosphorus level. The difference between the levels 
of serum calcium of fish with diet II and the control was signi-
ficant (P<0.01). 
The dietary phosphorus was found to grffect the concentra-
tion of both calcium and phosphorus in the muscle of the fish 
(Table IV and Pig.5). A marked increase in the concentration 
of the two macroelements was obs'erved with progressive increase 
in the levels of dietary phosphorus, the maxima being with the 
test diet V. The concentrations of phosphorus and calcium in 
the muscle of fish fed 0,1'/, phosphorus diet were nearer to those 
of the control group. The pattern of changes in the muscle ash 
content at different dietary phosphorus levels was similar to 
- 75 -
t hose observed f o r t h e above macroelements . I t was i n t e r e s t i n g 
t o n o t e t h a t t h e r a t i o s of ca lc ium-phosphorus i n muscle remained 
more o r l e s s cons t an t on t e s t d i e t s I I - V . The serum calei i im-
phosphorus r a t i o was maximtun a t lowes t l e v e l of phosphorus i n t a k e 
but d e c l i n e d with i n c r e a s e d d i e t a r y phosphorus , t h e t r e n d be ing 
s i m i l a r t o t h a t of tfaloium-phosphorus r a t i o s i n d i e t . 
DISCUSSION 
The r e s u l t s of t h e exper iment demons t ra ted t h a t growth of 
t h e c a t f i s h , H. f o s s i l i s . was r e l a t e d to phosphours l e v e l i n d i e t 
a t f ixed d i e t a r y calcium l e v e l when t r i a l s were c a r r i e d out i n 
f r e s h wa te r . The requi rement of t h e c a t f i s h f o r a v a i l a b l e 
phosphorus producing the maximal growth was observed t o be 0.7/^ 
of the d i e t . The convers ion e f f i c i e n c i e s and s p e c i f i c growth 
r a t e o b t a i n e d a l so po in t t o t h e most e f f i c i e n t u t i l i z a t i o n of 
food a t t h e above l e v e l of d i e t a r y phosphorus . Since f i s h e s 
have t h e a b i l i t y to balance t h e r a t i o of ca lc ium-phosphorus 
c o n c e n t r a t i o n of t h e i r body by c o n t r o l l i n g t h e a b s o r p t i o n o r 
e x c r e t i o n of calcium f o r u t i l i z i n g t h e s e e l e m e n t s , i n water 
c o n t a i n i n g a p p r o p r i a t e amotints of ca lc ium, t h e i r growth seems 
a f f e c t e d more by t h e l e v e l s of d i e t a r y phosphorus t han ca lc ium. 
Owing t o the a b i l i t y of f i s h f o r a c t i v e calcium up take throtigh 
g i l l s , and a l so to t h e abundance of ca lc ium in wa te r , d i e t a r y 
- 74 
calcium has been reported to be dispensable for all fish species 
except eels (Aral ejt al., 1975b). In eels, however, a diet 
deficient either in calcium or in phosphorus was reported to 
result in poor appetite and depressed growth, but the groirth 
increased in proportion to the dietary level of calcium and 
phosphorus. The growth promoting effect of dietary phosphorus 
has been observed in a number of fish species. Inclusion of 
sodium phosphate (monobasic) in the diet of carp was found effec-
tive for growth promotion and prevention of bone defounity 
(Murakami, 1970). Andrews e± al. (1973) observed that channel 
catfish fed diets containing low amount of phosphorus exhibit 
reduced growth and poor feed efficiency. These workers have 
assessed the requirement for available phosphorus for channel 
catfish to be around 0.8^, the value being close to that present1: 
observed for H. fossilis. Ketola (1975b)has noted that yo\mg 
salmon fed diets containing 0,7% phosphorus from plant sotirces 
required mineral supplementation of 0.6% inorganic phosphorus 
in the diet. That the ratio of calcitun and phosphorus influences 
fish growth has been indicated by Sakamoto and Tone (1973) for 
the red sea bream. Ogino and Takeda (1976), v^ iile studying the 
calcium and phosphorus requirement in carp, found suppressed 
growth in the fish fed diets containing less than 0,5i dietary 
phosphorus. It has also been pointed out that inclusion of high 
levels of fish meal in a ration for cultivable fish obviate the 
need for supplements of calcium and phosphorus (Andrews et al.. 
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1973; Ketola, 1975b). I t may be pointed out t h a t although growth 
was suppressed in H. f o a s i l i s fed l e v e l s of d ie ta ry phosphorus 
below 0,TI, the f i sh showed no other deficiency symptoms. 
The effect of d ie ta ry phosphorus was prominently seen on 
haematological parameters l i k e erythrocyte sedimentation r a t e 
and haematocri t , the»two haematological parameters showing an 
inverse r e l a t i o n s h i p with each other at various d ie ta ry phosphoru? 
- leve ls . The decl ine in the ' erythrocyte sedimentation r a t e a t 
higher l eve l of d i e t a ry phosphorus in take could be ascribed to 
increase in the r a t i o of red c e l l to plasma and to consequential 
higher plasma v i s c o s i t y . The increase in the erythrocyte s e d i -
mentation ra te at lower l e v e l s of d i e t a iy phosphorus may l ikewise 
be re la ted to decreased plasma v iscos i ty as a r e su l t of lower 
red cel l /plasma r a t i o t ha t may allow the ce l l s to sediment more 
quickly. Andrews £ t a l . (1973) observed low haematocrit value 
in the channel ca t f i sh fed phosphorus-deficient d i e t . The e f fec t 
of dietairy phosphorus as observed on the l e v e l s of serum calcivim 
and phosphorus in H, f o s s i l i s has also been pointed out for sever-
o ther f ish spec ies . Sakamoto and Tone (1973) have recorded more 
or l e s s s imi l a r va r i a t i ons in the serum calcium and phosphorus 
l e v e l s of red sea bream with changes in the d ie ta ry calcium-
phosphorus r a t i o s . The increase in muscle calcium phosphorus 
and ash content of H. f o s s i l i s with the l e v e l s of d i e t a ry pkos-
phorus intake oy f i sh has l ikewise been observed in carp by 
Ogino and Takeda (1976). 
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SUMMARY 
Fresh-water ca t f i sh , H. fo33ll is« fed d i e t s containing 
d i f fe ren t l e v e l s of phosphorus with fixed leve l of calcium 
revealed s ign i f i can t v a r i a t i o n s in t h e i r growth and haematological 
f e a t u r e s . The growth r a t e was found pos i t ive ly isolated to the 
l e v e l s of d ie ta ry phosphoirus. Feeding f i sh with d i e t s containing 
lower l e v e l s of phosphorus r e su l t ed in reduced growth and low 
conversion e f f ic iency . The haematocrit increased with d i e t a ry . 
phosphorus l e v e l , while the ery throcyte sedimentation r a t e 
r eg i s t e red a marked dec l ine . Dietary phosphorus l e v e l s a l so 
affected the muscle ash, calciujn and phosphorus contents ot blood 
serum and muscle t i s s u e of f i s h . These cons t i t uen t s increased 
with d i e t a ry phosphorus, reaching the maxima at 0.7^ l eve l of 
phosphorus incorpora t ion . The avai lab le phosphorus l eve l i n 
d ie t producing the inaximal growth was also found to be 0.1%, 
whereas f i sh receiving d i e t s with lower phosphorus l e v e l s grew 
poorly. 
TABLE - I . I n g r e d i e n t composi t ion of t e s t d i e t 
I n g r e d i e n t (g/200 g d i e t ) 
Casein 38 
Dext r in whi te 28 
G e l a t i n 12 
Com o i l 6 
Cod l i v e r o i l 3 
Vitamin mix .* 9 
Minera l mix .** 4 
Water 100 
^Choline c h l o r i d e , 0.500 g; I n o s i t o l , 0.200 g; L-aacor l^ ic a c i d , 
O.lbo g; N i c o t i n i c a c i d , 0 .075 g; C a - p a n t o t h e n a t e , 0 .050 g; 
R i b o f l a v i n , 0.020 g; Thiamine h y d r o c h l o r i d e , 0 .005 g; Py r idox ine 
h y d r o c h l o r i d e , O.OO5 g; Menadion, 0.004 g; F o l i c a c i d , 0 .0015 g; 
Vitamin Bj^p* 0 .0011 g; B i o t i n , 0.0005 g; L - t o c o p h e r o l - a c e t a t e , 
0.040 g; a-Cel l -ulose , 8 g . 
See Chapter I , Table I . 
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TABLE - III. Haematological values of H. fossills fed diets with 
varying levels of phosphorus 
Diets 
II III IV 
Haematocr i t (%) 50.843 44.157 45.314 47.580 48.984 
+0.640 +0.690 +1.020 +0.363 +1.530 
(BCO.Ol) (P<0.05) ?N.S . ) ( " N . 3 . ) 
E r y t h r o c y t e 0.800 1.730 1.575 1.225 1.050 
s e d i m e n t a t i o n +0.077 +0.125 +0.137 +0.125 +0.092 
r a t e (mm/h) " (P<0.02) (P<0.02) ( " N . S . ) ( N . S . ) 
Serum calcium 3.900 3.150 3.250 3.233 3.650 
(mg/lOO ml) +0.082 +0.102 +0.188 +0.219 +0.077 
(P^O.Ol) (N.S. ) (N.S . ) (N .S . ) 
Serum phosphorus 32.319 20.966 23.306 25.866 29.967 
(mg/100 ml) +1.934 +0.400 +1.060 +1.060 +1.960 
(P<0.01) (Pk0.05) TN.S.) TN.S.) 
Serum Ga/P ratio 0.120 0.150 0.139 0.125 0.122 
Mean + S.E. 
Diet I used as c o n t r o l ; d i e t s I I -V as exper imenta l f o r t - t e s t ; n=6-10 
TABLE -JV. Ash, calcium, phosphorus and Ga/P ratio in the fresh 
muscle tissue of H. fossilis fed diets with varying 
levels of phosphorus 
Diets 
II III IV 
Ash (%) 8.250 6.350 6.975 7.775 7.950 
+0.180 +0.166 +0.262 +0.188 +0.185 
Calcium (mg/lOO g) 60.040 
+2.615 
48.040 52.280 
+1.215 +0.515 
( P < 0 . 0 5 ) ( F . S . ) 
55.040 
+1.373 
(N.S . ) 
56.640 
+0.599 
(N .S . ) 
Phosphorus (mg/lOO g) 424.626 372.317 379.036 385.439 416.865 
+6.552 +7.195 +4.322 +10.553 +8.548 
(P^ .0.02) ("N.S.) U.S.) ("N.S.) 
Oa/P ratio 0.141 0.128 0.138 0.136 0.135 
Mean + S.E. 
M e t I used a s c o n t r o l ; d i e t s II-V as exper imenta l f o r t - t e s t / 
n=10-15. 
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CHAPTER VI 
CHAPTER - VI 
BPFBCTS OF STARVATION AND RBPEBDING ON THE GROWTH AND HABMATOLOGY 
OF THE FRESHWATER CATFISH, HETER0PNEUSTE3 F0S3ILIS BLOCH 
INTRODUCTION 
The ability to sustain prolonged starvation through physio-
logical, biochemical and behavioural adaptations is an outstanding 
feature of poikilotherms including fishes. Many fishes are known 
to survive for remarkably long periods without food (Love, 1970, 
1980). In fish, starvation effects have been extensively studied 
and these have mainly been concerned with observations on survival 
rate, body and liver weights and body composition (Kamra, 1966; 
Love and Robertson, 1967; Larsson and Lewander, 1973; Crawford, 
1979; and Jobling, 1980). Some workers have examined the sequence 
of material mobilization fixjm tissues and organs of fish during 
short or prolonged starvation whereas others considered the changes 
in individual, constituents in isolation (Love, 1980). The haema-
tological effects of starvation in fish have been studied only by 
few investigators and the reports available in several cases seem 
contradictory. Studies on the rainbow trout by Kawatsu (1974) 
have shown that starvation causes anemic condition in fish. 
Banerjee (1976) has observed that the values of various haemato-
logical parameters of the air-breathing fish, Amphipnous cuchia. 
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i n c r e a s e d i n i t i a l l y but d e c l i n e d dur ing l a t e r s t a g e s of s t a r v a t i o n 
S t a r v a t i o n in s e v e r a l o t h e r f r e s h w a t e r f i s h s p e c i e s i s r e p o r t e d 
t o cause a d e f i n i t e f a l l i n v a r i o u s haemato log ica l parameters 
c i i lminat ing in anemic c o n d i t i o n ( J o s h i , 1979) . Fa rgha ly e t a l . 
(1977) no ted a marked d e c r e a s e i n the e r y t h r o c y t e coun t , haema-
t o c r i t and haemoglobdja con ten t a t the end of two month s t a r v a t i o n 
of T i l a p i a z i l l i . F u r t h e r , Sakamoto and Tone (1978d) in red sea 
bream (Chrysophrys ma.-jor), and more r e c e n t l y , Mahajan and Dheer 
(1983) i n the snakehead (Ohanna p u n c t a t u s ) found t h a t t h e i n i t i a l 
r e sponse of d e p r i v a t i o n of food was incirease i n haema to log ica l 
v a l u e s fol lowed Dy sha rp d e c l i n e dur ing l a t e r phase of s t a r v a t i o n . 
Other n o t a b l e c o n t r i b u t i o n s on t h e s u b j e c t a r e t h o s e of Dave et^ aJ. 
(1976) , Smimova and Karz ink in (1977) , Tandon and Chandra (1979) , 
Yakovenko _et a l . (1982) , and Fauconneau ejb a l . ( 1986) . 
The p r e s e n t work d e a l s wi th the e f f e c t of s t a r v a t i o n and 
r e feed ing on the body and l i v e r weights , h e p a t o - s o m a t i c index and 
haematology of A. f o s s i l i s Bloch . 
MATERIAIiS AND METHODS 
Heal thy specimens of H. f o s s i l i s (average t o t a l l e n g t h 
13.96 + 0 .07 cm, average weight 14 + 0 .73 g) were s e l e c t e d and 
he ld i n w e l l - a e r a t e d g l a s s aqua r i a (60 x 28 x 30 cm) a t 25 + l ^C . 
The f i s h were a c c l i m a t i z e d t o l a b o r a t o r y c o n d i t i o n s fo r 7 days 
and fed chopped minced meat ad l i b i t u m d a i l y a t 17 h . The 
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experiment was conducted on r e p l i c a t e g2X)ups a t a s t o c k i n g d e n s i t y 
of 12 f i s h pe r aquarium. 
Before s t a r v a t i n g t h e w e l l - f e d f i s h , a few specimens were 
s a c r i f i c e d f o r e s t i m a t i n g the normal v a l u e s of v a r i o u s haemato-
l o g i c a l p a r a m e t e r s . The f i s h were s t a r v e d fo r 28 days . Measure-
ments and blood sampling were c a r r i e d out a t weekly i n t e r v a l s . 
Refeeding was cont inued in t h e remaining f i s h s tock f o r a f u r t h e r 
pe r iod of 28 days with samplings c a r r i e d out at s i m i l a r t ime 
i n t e r v a l s . Methods of haema to log ica l e s t i m a t i o n s and o t h e r 
measurements were the same a s desc r ibed under General Methodology 
s e c t i o n . 
RESULTS 
Changes observed i n the body and l i v e r weights and the 
h e p a t o - s o m a t i c index of f i s h i n s t a r v e d and re fed groups have 
been shown i n Table I and p l o t t e d i n F i g s . 1-2. The d a t a r e v e a l e d 
marked l o s s both i n t h e oody a s we l l a s l i v e r weights of the f i s h 
dur ing s t a r v a t i o n . In t h e s t a r v e d f i s h t h e p e r c e n t a g e l o s s i n 
the body weight a f t e r 28 days was around 23^ . Upon re feed ing 
the f i s h , t h e body weight began to i n c r e a s e reaching t h e noxmal 
weight w i th in t h e next 28 days ( F i g . 1 ) . The d e c l i n e i n t h e 
l i v e r weight of t he s t a rved group was more seve re than t h e body 
weight . The l i v e r began to l o s e weight r a p i d l y soon a f t e r t h e 
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s t a rva t ion commenced and by 14th day i t s weight decreased by about 
337e- Although the f a l l in the l i v e r weight continued up to the 
28th day, i t was more gradual beyond 14th day. The t o t a l l o s s 
in the l i v e r weight over the period of s t a rva t ion was about 58/^, 
A s ign i f i can t increase in the l i v e r weight occurred upon refeeding 
the s tarved f i sh , the increase being higher and s t e a d i e r than t h a t 
in the body weight. The l o s s e s were made up within 14 to 28 days 
a f t e r feeding resumed. As a r e s u l t of changes in the body and 
l i v e r weights of f i sh , the hepato-somatic index decreased rap id ly 
in the starved group, the maximum loss being encountered a f t e r 
14 days of s t a rva t ion beyond which the hepato-somatic index 
remained more or l e s s constant ( P i g . 2 ) . A rapid improvement in 
the hepato-somatic index was noted in the refed f i sh group with 
the values becoming almost normal within 14 days and exceeding 
the normal value beyond t h i s per iod. 
The da ta on the growth and feed eff ic iency of the 
28th day starved fLsh on refeeding have been given in Table I I and 
shown graphica l ly in Figs . 3-4. The r a t e of growth i n the refed 
f i s h increased rapidly from 11-19^ between 7 to 14 days, but 
t h e r e a f t e r , the increase was more gradual . The values of spec i f i c 
growth r a t e which was maximum (1.47^) during the f i r s t week of 
refeeding declined during the second week and became more or l e s s 
constant during the l a t e r period of refeeding. The r e s u l t s 
indica ted best (1.17) feed conversion r a t i o a f t e r the f i r s t week 
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of refeeding the starved fiah, the conversion becoming poorer 
(2.078) at the end of second week. Similarly, the gross growth 
efficiency was found to be maximum (0.853) after the first week 
of refeeding but declined during the later period of refeeding. 
The effect of starvation and refeeding on the haematological 
parameters of the fish has been presented in Table III and depictec 
graphically in Pigs. 5-6. Starvation was found to cause a decline 
in the haemoglobin concentration of the fish after 7 days. A 
marked recovery in the haemoglobin concentration which was evident 
after 14 days in the starved group was followed by a significant 
(P«il0.001) decline during the later period of starvation. Upon 
refeeding, the haemoglobin concentration impiroved substantially 
attaining almost the normal level by 21st day. The increase in 
haemoglobin during the later phases of refeeding was highly 
significant (P<d0.001). The changes in the haematocrit followed 
the patteim similar to that noted for the haemoglobin concentratior 
(Table III, Fig.5). A rise in early starvation period was follower 
by a significant (P<0.05) fall in the haematocrit value at late** 
stage of starvation. The increase in the haematocrit value upon 
refeeding was fo\ind significant (P^10.05). No significant effect 
of starvation and refeeding was noted on the erythrocyte count 
(Fig. 5). The erythrocyte count remained more or less constant 
throughout the starvation period and a slight decline noticed 
during the last week of starvation was made up within 21 days 
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a f t e r feeding was resumed. The erythrocyte sedimentation rate, 
on the o ther hand, showed remarkable ef fect of s t a r v a t i o n . I t 
increased to 1.383 mm/h from a normal value of 1,266 mm/h after 
7 days of s t a rva t i on . This was followed by a decl ine i n the 
sedimentation r a t e a f t e r 14 days of s t a r v a t i o n and t h e r e a f t e r , 
the values rose with M;he period of s t a r v a t i o n . The increase i n 
the sedimentation r a t e to the maximum of 2.333mm/h observed over 
28 days period of stairvation was found s ign i f i can t (P<10.02). 
Upon refeeding, the erythrocyte sedimentation r a t e f e l l rap id ly 
a t t a in ing the normal value a t the end of 28 days of refeeding. 
The f a l l in the erythrocyte sedimentation r a t e was s ign i f i can t 
both a f t e r 21 days ( P ^ 0 . 0 5 ) as well as 28 days (P<:0.02) of 
refeeding. A successive dec l ine in the white blood celL count was 
evident with the period of s t a rva t ion (Table I I I ) . The f a l l in 
the W.fl.C. co\int was s i g n i f i c a n t a t the end of 21 days (P«i0.05) 
and 28 days (P'S^O.02) of s t a r v a t i o n . The W.B.C. count increased 
markedly upon resumption of feeding, the normal values being 
a t t a ined within 21 days. This increase i n the W.B.C. count 
was more s ign i f i can t (P^^O.Ol) a f t e r 28 days of refeeding. 
The effect of s t a rva t ion and refeeding on mean corpuscular 
constants have been indicated i n Table IV. The mean corpuscular 
constants were considerably affected by s t a rva t ion and refeeding, 
exhib i t ing t rends more,or l e s s s im i l a r to those noted fo r the 
above mentioned blood parameters. The decrease in the mean c e l l 
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volume to 172.657 ^mV^Qd c e l l from a normal value of 200v068 
nmv^ed c e l l a f t e r 7 days s t a rva t ion was followed by an increase 
(187.442 tim-^/red ce l l ) a t the end of 14 days of s t a rva t ion per iod. 
The l a t e r period (28 days) of s t a rva t ion was character ized "by a 
s ign i f i can t (P^10.02) decl ine in the mean c e l l volume. The 
refeeding of the s tarved f ish resu l t ed in increased mean c e l l 
volume, the normal being obtained at the end of 28 days. This 
increase was found s ign i f i can t (P<10.02) both a f t e r 21 and 28 
days of refeeding the starved f i sh . The mean c e l l haemoglobin 
and mean c e l l haemoglobin concentrat ion recorded t rends s imi l a r 
to those shown by the mean c e l l volume. A f a l l and r i s e a t ea r ly 
s tages of s t a rva t ion in mean c e l l haemoglobin and mean c e l l 
haemoglobin concentrat ion were followed by d i s t i n c t dec l ine in 
the values of these parameters a f t e r 21 and 28 days of s t a rva t i on , 
the changes being highly s ign i f i can t (P^slO.OOl). On resumption 
of feeding, both these haematological parameters increased iiith 
t h e i r normal values being reached within a period of 21 days . 
The increase in the values a f t e r 21 and 28 days of refeeding 
was, however, more s i g n i f i c a n t (P<C0.001) fo r mean c e l l haemo-
globin than for mean c e l l haemoglobin concentrat ion (P- iO.Ol) . 
The changes in blood and serum pro te in , and serum cholestero" 
of H. f o s s i l i s during s t a rva t i on and upon refeeding have been giver 
in Table V and shown graphica l ly in F i g . 6 . I t cotild be seen from 
the data t ha t both the blood and serum p ro te in recorded increase 
during the ear ly period of s t a rva t i on which was followed by 
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rapid decline at later stages of starvation. The increase in 
the serum and blood protein contents during the early period 
of starvation was, however, less prominent. The decline in the 
blood protein during later phase (28 days) of stairvation was 
more significant (P^lO.OOl) than in the sertim protein content 
(P^0.02). Upon refeeding, both serum and blood protein contents 
reached the normal values within a period of 21 days. The 
recovery was found significant both for the blood (P<i0.001) as 
well as serum (P<ril0.01) protein contents after 28 days of refeeding 
The serum cholesterol content decreased rapidly with starvation. 
The fall in the serum cholesterol was more rapid after 21 days of 
starvation. The difference in the serum cholesterol of the 
starved and the normal fish was quite remarkable and highly 
significant (P<0.001) over 21 and 28 days of starvation. Refeedii 
of fish resulted in the recovery of serum cholesterol to normal 
values within a period of 21 days and the recovery being highly 
significant (P<0.001). 
DISCUSSION 
It has been concluded from the results that starvation in 
the catfish, g. fossilis. over a period of 4 week causes rapid 
loss in the liver weight of the fish. That the liver weight 
is lost faster than the body weight was evident from changes 
in the hepato-somatic index of fish. It seems that during 
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starvation the fish falls first upon its stored liver resources 
and utilizes the muscle reserves later. Aster and Moon (1981) 
have observed fall both in the liver size as well as hepato-
somatic index in fasted eels, while Kamra (1966) reported rapid 
loss in liver and body weights of Atlantic cod during starvation. 
The starvation energy in Antarctic teleost (Notothenia coriicepa 
neglecta) has been reported to be obtained from lipid and carbo-
hydrate stores of the liver axid red muscle (Crawford, 1979). In 
Platessa platessa the body fat was the major storage reserve 
utilized during starvation, the much depleted liver and gut contri-
buting a small proportion of metabolizable energy (Jobling, 1980). 
Recently, Shimeno (1982), while studying starvation and refeeding 
effects in yellowtail, found more significant changes in the 
liver than the body weight of fish, an observation which compares 
with the findings on H. fossilis. It was intere^ t^ing to observe 
that refeeding of 28 days starved H. fossilis produced best 
conversion and specific growth rate during the first week. During 
this initial period the refed starved fish were observed to consume 
all the food, the rate of food consumption, however, stabilized 
later. More or less similar observations were made earlier on 
0, punctatus (Gerald, 1976). 
The haematological characteristics of H. fossilis were 
also found markedly affected with starvation. The observed 
increase in the haematocrit seemed the consequence of increased 
hydration and swelling up of erythrocytes as a result of 
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starvation. Gunn et al. (1975) have attributed this swelling 
phenomenon in human blood to the chloride shift. This assumption 
draw support from the findings of Dave _et al. (1975) who noted 
that in eels starvation causes a distinct decline in plasma 
chloride level. Interestingly, this swelling was reported to 
disappear after 3 weeks of starvation as was indicated by a 
rapid fsill in haematocrit value. Johansson e;t al. (1975) also 
explained the increase in the haematocrit and mean cell volume 
of the eel during the initial phase of its fasting on the basis 
of the swelling up phenomenon of the erythrocytes. The haemo-
globin content in H, fossilis was found more affected d\iriiig the 
later phases of starvation as a result of exhaustion of energy 
reserves and consequential lowered metabolic rate. The fish 
during the later phases of starvation became almost inactive. 
Several investigators in the past (Putnam and Preel, 1978; and 
Larsson et^  Si.*» 1976) have pointed to a correlation between 
activity pattern and haemoglobin levels of fish, the demand on 
blood oxygen transport system being more related to the rate of 
metabolism (Graham et^  al., 1985). In H. fossilis. the suppression 
in haemoglobin during starvation could also be related to the 
above factors. In G, carpio (Murachi, 1959) and T. zilll 
(Farghaly e^ al., 1977), starvation was reported to result in 
decreased red cell volume and corresponding reduced haemoglobin 
concentration. Sakamoto and Tone (I978d), however, noted an 
increase in these blood parameters in red sea bream during early 
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phase of starvatioft which was followed by their decrease in the 
later stages, leading to severe anemic condition in fish, Joshi 
(1979) has reported fall in various blood parameters of freshwater 
fishes during starvation. The successive decrease in the number 
of white blood cells in H. foasilis suggests towards a reduced 
immtinological defence in the fish d\iring starvation. Smimova 
(1967) in Lota lota and Johansson _et al. (1975) in A. angullla 
found successive decrease in the white blood cell during pro-
longed starvation. A fall in total leukocyte population and 
other blood values was also noted in G. ptmotatus during starvatior 
(Mahajan and Dheer, 1983). The increase observed in the erythro-
cyte sedimentation rate of H. fossills during later phases of 
starvation could be ascribed to a loss of protein by the blood 
plasma, a phenomenon, which affects both its specific gravity and 
viscosity allowing the cells to sediment more quickly. Murachi 
(1959) showed that in 0. carpio the red cell sedimentation rate 
was greatly increased after starvation for 7 days, vdiile Banerjee 
(1976) found a decrease in the erythrocyte sedimentation rate 
followed by rise after 100 days of starvation in A. cuchia. 
The fact that the erythrocyte count in H. fossilis remained 
more or less constant throughout the period of starvation 
indicate towards greater life span of the red cells in fish. 
Evidently, the longer life span of erythrocytes may be regarded 
as one of the links in the adaptation of the organism to prolonged 
fasting. It is the longer life span of red cells that presumably 
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maintain their oonstancy in number in almost complete•absence 
of haematopoiesig during starvation in fish. Smimova (1967) 
found no decrease in the red cell count during starvation of 
L. lota but noted a reduction in the plasma volume leading to 
haemoconcentration. In A. anguilia the red blood cell count 
reportedly remained \mchanged during fasting till 164 days 
(Johansson et al., 1975). The fall in the values of mean corpus-
cular constants noted during starvation of H. fossilis characte-
rized the hypochromic microcytic anemia in the fish. Several 
authors indicated similar anemic symptoms in fish as a result 
of starving condition (Kawatsu, 1974; Sakamoto and Tone, 1978dj 
Joshi, 1979 and Mahajan and Dheer, 1983). 
With liver being the main site of blood protein synthesis, 
the fsill in the total blood and serum protein noted in H. fossilis 
with starvation, after an initial increase, could be the result 
of changed liver functioning. In the event of liver lipid and 
carbohydrate being heavily drawn upon in starvation, it is not 
unreasonable to suppose that some of the cellular material that 
contain them become degraded and be transported elsewhere (Love, 
1970). In higher vertebrates decline in serum albumin (hypoalbu-
minemia) often follows prolonged malnutrition or impaired liver 
function, where most blood protein, excepting y-glo^^iiis* 8^ © 
synthesized (Harper, 1971). A similar conclusion could be drawn 
for fishes where .starvation has been reported to cause distinct 
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fall in the levels of blood and serum protein (Sorvachev, 1957; 
and Dave ejfc al., 1975). The decline in the semim cholesterol 
level observed with stairvation in the catfish during the present 
study is presumably an indication to reduced synthesis of this 
sterol in the blood. Serum cholesterol, being primarily endo-
genous in origin, is synthesized in liver, an organ which regulates 
its level both in blood as well as in body. Serum cholesterol 
synthesis may, however, be altered either by metabolic inhibition 
of any one step in the intermediary pathway of cholesterol aynthesi-
or by limitation in the availability of co-factors for the reduction 
of demosterol to cholesterol. Liver was observed to be the main 
affected site during starvation of fish and the phenomenon, 
besides producing nutritional imbalance^was reflected in altered 
cholesterol level in blood. Pandey and Pandey (1977) reported 
that in the catfish, Rita rita, starvation induces marked decline 
in the blood cholesterol level. In red sea bream, however, the 
contents of total protein and cholesterol in serum were shown 
to increase early in the starving period but decreased greatly 
later (Sakamoto and Tone, 1978d). Farrell and Mvmt (1983) also 
obtained depressed values of total blood cholesterol level in 
S. saleir during starvation. 
It was interesting to note that the losses in blood values 
of the starved fish were rapidly made up within 14-21 days upon 
refeeding the starved fish, and the fish appeared capable of 
90 -
maintaining homeostasis with respect to many blood parameters 
prior to achieving nutritional self-sufficiency. 
SUMMARY 
The starvation in the catfish, H. fossilis. over a period 
of 4 weeks produced marked changes in the hepato-somatic index 
and haematological characteristics of the fish. A significant 
fall was evident in the haematocrit and haemoglobin concentration 
of fish during later phases of starvation. Although the erythro-
cyte co\mt remained more or leas constant, the leucocyte count 
declined successively with the progress of starvation. The 
erythrocyte sedimentation rate, however, showed a rapid increase 
towards the end of starvation. The mean corpuscular constants 
showed patteim of changes similar to that of haemoglobin and 
haematocrit. The blood and serum protein values fell rapidly 
after an initial increase, whereas the serum cholesterol content 
showed successive fall with starvation. On refeeding the 28 days 
starved fish, liver and body weights began to approach normal 
values within 21 days, subsequently the fish registered the 
maximum specific growth rate and best conversion efficiency. 
Similarly, the various blood parameters attained almost normal 
values within 21-28 days of refeeding. The catfish, H. fosaillB, 
thus not only survived starvation but exhibited a considerable 
compensatory mechanism with respect to its haematology. 
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Duration (days) 
7 14 21 28 
Average i n i t i a l wet weight (g) 12.583 12.583 12.583 12.583 
Average f ina l wet weight (g) 13.437 14.336 15.156 15.983 
Live weight gain (%) 11.132 18.934 21.817 24.856 
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Gross growth eff ic iency 0.853 0.7^8 0.562 0.481 
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F i g . 1 . Average body ( • • ) and l i v e r (o o) weights 
of H, fossilis during starvation and refeeding. 
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F i g . 2 . Hepatosomatic index of H. f o s s i l i s during 
s t a rva t ion and refeeding. 
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Fig,3 . Percent weight gain (o o) and specific 
grovrth rate (• •) of H. fo s s i l i s during 
starvation and refeeding. 
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Fig.4.Gro33 growth efficiency (o o) and food 
conversion ra t io (• •) of H. f o sa i l i s 
during starvation and refeeding. 
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P i g . 5 , Haematological parameters of H. f o s s i l l s during 
s t a rva t ion and refeeding(» • ,Haemoglobin/ 
Erythrocyte countj o o, Haematocri t /Erythrocyte 
sedimentation r a t e ) . 
STARVATION DAYS REFEEDING-
F i g . 6 . Blood and serum pre* ein, and cho les t e ro l l e v e l s of 
H. f o s s i l i s during s t a rva t ion and rdfeeding(» • , 
"Serum cholesterol/Blood pro te in ; o o^ Serum prote in) 
CHAPTER VII 
CHAPTER - VII 
THE INZLUMGE OF DIETARY LIPID LEVELS ON THE GROWTH AND HABMATOLOGY 
OF THE CATFISH, HETEROPNEUSTES FOSSILIS BLOCH 
INTRODUCTION 
It has often been shown that a rise in the lipid level of 
diet allows for an improvement in the nutritive use of protein 
by the fish (Watanabe et al., 1979; Reinitz and Hitzel, 1980| 
Millikin, 1983; Stickney, 1984; and C h o ^ al., 1985). A ntimber 
of workers in the past have evaluated the effect of increasing 
dietary lipid level on the growth and feed efficiency of fish 
(Murray et al., 1977; Austreng, 1979j Dupree et al., 1979; Garcia 
et al., 1981; Hartfiel et al., 1984; Stickney and McGeachin, 1984; 
and Hilge and Gropp, 1985). Although Hilge (1979) has reported 
the influence of different dietary fat and protein levels on some 
blood parameters in young mirror carp (_C. carpio), information on 
haematological changes in fish with dietary lipid level is gene-
rauLly lacking. 
The present study was aimed to evaluate the influence of 
dietary lipid concentration on the growth, feed efficiency and 
haematology of the catfish, H. fossilis, and the results of a 
6-week feeding trial has been reported. 
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MATERIALS AND METHODS 
Fish were fed 40^ protein test diet with variable levels 
(7,8,15 and 19^) of dietary lipid (Table I). The lipid souroes 
in the diet were cod liver and com oils. The levels of lipid 
in the diet were adjusted by proportionately altering the 
ft 
dext r in component. The method of preparat ion of the t e s t d i e t 
and the composition of vitamin and mineral premixes were the same 
as given elsewhere (see Chapter I , Table I ) . The d i e t containing 
iX l i p i d was taken as the control for comparison. 
Previously acclimatized fish (average t o t a l length 12.96+0.06 
cm; average weight 11.0+0.1 g) were used fo r the feeding t r i a l . A 
6-week feeding t r i a l was conducted in g lass aqTiaria (60 x 28 x 30 cm' 
at a stocking dens i ty of 12 ind iv idua ls per aquarium. Fish were 
fed da i ly a t 17.00 h t i l l s a t i a t i o n . The t reatments were r e p l i -
cated. The average water temperature during the period of feeding 
t r i a l was 20+l°G. 
Blood was co l lec ted from the f i sh at the end of the 6-week 
feeding t r i a l through caudal puncture. Measurements of g2X)wth 
and haematological parameters were made using the techniques 
given Tinder General Methodology. 
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RESULTS 
The e f f e c t of i n c r e a s i n g l e v e l s of d i e t a r y l i p i d on the 
growth, food convers ion r a t i o and g r o s s growth e f f i c i e n c y have 
been summarized i n Table I I and d e p i c t e d g r a p h i c a l l y i n F i g s . 1 - 2 . 
The average l i v e weight g a i n of f i s h was found r e l a t e d t o d i e t a r y 
l i p i d , wi th the f i s h i n c r e a s i n g l i n e a r l y on t h e i r i n i t i a l weights 
a t v a r i o u s d i e t a i y l i p i d l e v e l s . The growth curve r e p r e s e n t i n g 
weekly ga in a t v a r i o u s d i e t a r y f a t l e v e l s ove r t h e experimentsuL 
per iod showed t h e maximum (29.5732) ga in i n f i s h fed t h e d i e t 
c o n t a i n i n g 19^ l i p i d and t h e minimum (24.558^) a t 1% d i e t a i y l i p i d 
i n c o r p o r a t i o n . Pood convers ion was a l so the b e s t ( 3 . 8 ; 1 ) i n f i s h 
a t 19^ d i e t a r y l i p i d i n t a k e ( P i g . 2 ) . Poore r v a l u e s were ev iden t 
i n f i s h g roups fed d i e t s with lower l i p i d c o n c e n t r a t i o n s . L ikewise , 
t he h i g h e s t g r o s s growth e f f i c i e n c y was e v i d e n t i n f i s h a t h i g h e r 
d i e t a r y l i p i d l e v e l s . The r e s u l t s i n d i c a t e a more o r l e s s 
i d e n t i c a l p a t t e r n of changes f o r the s p e c i f i c growth p e r c e n t . 
The a l t e r a t i o n s i n the haemato log ica l c h a r a c t e r i s t i c s of 
t h e two sexes of f i s h i n r e l a t i o n t o l e v e l s of d i e t a r y l i p i d have 
been g iven i n Tables I I I - I V and p l o t t e d i n F i g s . 3 - 5 . The 
haemoglobin and haema toc r i t v a l u e s d e c l i n e d with i n c r e a s i n g 
d i e t a r y l i p i d l e v e l s . The f a l l i n haemoglobin c o n c e n t r a t i o n 
was observed t o be more pronounced in female than male f i s h . 
The maximum haemoglobin i n both sexes was found in i n d i v i d u a l s 
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fed the lowest (7^) lioid contained diet. The maximum decline 
in the haemoglobin concentration was similarly observed in fish 
at higher levels of lipid intake. The fall in the haemoglobin 
concentration at 8% dietary lipid was less pronounced and insig-
nificant, while the decline was highly significant for both male 
(P^lO.Ol) and female (P<.0.001) fish at 19Z lipid incorporation 
in the diet. The fall in the haematocrit values between T/e and 
8^ dietary lipid levels was relatively insignificant in the two 
sexes. It is interesting to note that like haemoglobin, the 
haematocrit was also more adversely affected in female than male 
fish. The fall in the haematocrit value in fish at 19^ dietary 
lipid was more significant in female (P^O.Ol) than male (P^10.02) 
fish. The erythrocyte coirnt, on the contrary, increased with 
higher lipid levels in the diet. While no significant increase 
was observed in the erythrocyte count of fish at 8% dietary lipid 
intake, increase beyond this level resulted in a marked rise in 
the erythrocyte count. The increase in the erythrocyte count of 
fish fed 15^ ^ lipid diet was significant (P^0.05) in female only, 
but this increase at 19% dietary linld intake was found significant 
both in male (P<0.05) as wel] an female (P<C0.02) fish. The 
white blood cell count showed distinct fall with increasing levels 
of dietary lipid. The fall in the white blood cell was more evident 
at higher (15 and 19%) than lower (8%) dietary lipid levels. The 
decline in the white blood cell at 15% dietary lipid intake was 
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observed to be more significant in female (P<0.02) than male 
(P^0.05) fish, though at 19/^  lipid incorporation the fall was 
more significant (P<i0.01) in both the sexes. The result shoved 
a positive increase in the erythrocyte sedimentation rate with 
dietary lipid levels. A measurable increase in the erythrocyte 
sedimentation rate was observed in fish receiving 8^ fat diet 
« 
followed by a slight decline at 15^ lipid level. The erythrocyte 
sedimentation rate increased markedly in fish receiving 19^ lipid 
diet. The increase in the erythrocyte sedimentation rate from 
7-197e dietary lipid incorporation was more evident and significant 
in female (P^O.Ol) than male (P^0.05) fish. 
The effect of different dietary lipid levels on the mean 
corpuscular constants of fish has been given in Table IV and 
plotted in Pig,4. The mean corpuscular constants showed compa-
rable responses at various dietary lipid levels, decreasing 
remarkably with higher lipid intake. The mean corpuscular 
constants were found to vary inversely with the red blood cell 
counts. Although the fall in the mean corpuscular constants at 
8/^  lipid level was not significant, it was more pronounced and 
significant in the two sexes at higher levels. The fall in the 
mean cell volume in fish fed higher (19^) level of dietary lipid 
was more evident and significant in female (P<il0.001) than male 
(P<C.0.01) fish. Likewise, the mean cell haemoglobin was foimd 
adversely affected with higher dietary lipid intake. The fall 
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in the mean cell haemoglobin was more or less similar in the two 
sexes, the decline being significant (P^lO.OOl) in the fish at 
15^ and 19^ levels of dietary lipid. Compared to mean cell 
volume and mean cell haemoglobin, the mean cell haemoglobin 
concentration was less adversely affected by higher lipid incorpo-
ration in diet. The values seemed more or less constant at various 
I 
dietary lipid incorporations. The fall at 19^ lipid intake was 
significant in female (P^:0.02) fish only. 
Higher lipid incorporation in diet was observed to alter 
the serum protein and cholesterol levels of fish (Table V; Pig.5). 
The serum protein concentration varied inversely with the dletaiy 
lipid levels, the maximum (4.076 g/lOO ml) serum protein concen-
tration being obtained in fish receiving the lowest (7^) level 
of lipid in the diet. The fall in the serum protein concentration 
was less remarkable and insignificant both at 8^ as well as 15^ 
dietary fat incorporations. Maximum and significant (P^0.05) 
fall could, however, be observed in fish fed 19^ lipid diet. 
In contrast, the serum cholesterol increased remarkably with 
higher dietary lipid intakes. The increase in the serum choles-
terol at 8% lipid intake was low and insignificant. A mailed 
and highly significant (P<C.0.00l) increase was, however, evident 
in the fish receiving diet with 157^ and 19^ lipid incorporations. 
The overall increase in serum cholesterol of fish at 19/^  dietary 
lipid intake was around 47^. 
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An estimate of the orude fat percentage has also been made 
in the muscle of fish fed various levels of dietary lipid. The 
muscle fat content was found directly related to the level of 
dietary lipid. The minimum (2.7^) and maximum (4.5%) crude fat 
concentrations in the muscle were found in fish at 7^ and 19^ 
lipid intakes^respectively. The increase in the muscle fat 
content at 19^ dietary lipid intake was around 68^. 
DISOUSSION 
The results of the present study indicate that increase 
in dietary lipid content from 7^ to 19^ result in improved growth, 
in terms of live weight gain and conversion efficiency, of 
H. fossilis. Although the optimum dietary lipid requirement, 
which depends, in part, on the levels of other energy sources 
in diet, has not precisely been worked out for the above catfish, 
the study demonstrates that higher lipid supplementation could 
be desirable and effective in artificial diets of the species 
for obtaining better growth. The addition of extra lipid to 
the diet could spare protein for growth purposes. Better per-
formance of diets with higher levels of lipid incorporation 
vis-a-vis growth and conversion efficiencies noted during the 
present investigation suggests that the siluroid requires 
relatively high levels of dietary lipid. However, the feed 
conversion efficiency, seems also to depend, to a great extent. 
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on water temperature. A b e t t e r conversion coxild be obtained at 
higher water temperature even with a lower l i p i d l eve l in d i e t . 
This seems evident on comparing the above r e s u l t s with those 
obtained with 40^ semi-synthet ic d i e t of s imi la r composition 
containing only ll d ie tary l i p i d a t 25°C (Chapter I ; Table I I ) . 
Since l i p i d s contain approximately twice as many ca lo r i e s /g as 
do prote in and carbohydrate, they cont r ibu te g r ea t l y to the 
energy l e v e l s of d i e t even when present in r e l a t i v e l y low quan-
t i t i e s . Besides, there i s pos i t i ve evidence to ind ica te t h a t 
addi t ional l i p i d supplementation i n the raw feeds may not only 
enhance f i sh growth but also reduce the cost of feed and possibly 
increase product qual i ty (Stickney, 1984). Improved growth and 
conversion eff ic iency as a r e s u l t of pro te in sparing effect of 
die tary l i p i d has been demonstrated i n salmonids (Reini tz e^ a l . , 
1978; Austreng, 1979; Watanabe et a l . , 1979 and Reini tz and 
Hi t ze l , 1980), channel ca t f i sh (Murray ejb a l . , 1977; and Dupree 
et a l . , 1979), t i l a p i a (Jauncey and Ross, 1982), carp (Jauncey, 
1982a), s t r i ped bass (Mi l l ik in , 1983) and several o ther f i sh 
spec ies . Watanabe jet a l . (1979) reported tha t in rainbow t r o u t , 
S. ga i rdne r i , addit ion of l i p i d with e s s e n t i a l f a t t y acids as an 
energy source to a d ie t was helnful in e f fec t ive u t i l i z a t i o n of 
d ie ta ry pro te in , with the f i sh showing maximum growth at 20^ 
d ie t a ry l i p i d incorpora t ion. 
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In H. foasills, greater deposition of crude fat was noticed 
in the muade of fish fed higher levels of dietary lipid. The 
muscle fat content increased from 2.7^ in fish fed l^ dietary 
lipid to 4.5^ in those receiving the 19^ lipid diet. This 
suggests that at 20+l°C water temperature excessive dietary 
energy gets deposited as extra fat in the muscle, indicating 
that beyond certain limit higher dietary lipid content may not 
contribute entirely to fish growth, and that better gix)wth at the 
above water temperature could be achieved even with low lipid 
level diet by manipTilating the other dietary energy sotirces. 
Deposition of greater fat in the body with higher dietary lipid 
has been indicated for a number of fish species (CJarLing and 
Wilson, 1976; Ogino et al., 1976; Reinitz et al., 1978; Takeuchi 
and Watanabe, 1979; Heinitz and Hitzel, 1980; and Millikin, 1983). 
The results indicate that haematological parameters in 
H. fossilis get adversely affected with higher dietary lipid 
intake. The lack of any positive correlation between blood 
haemoglobin concentration and the erythrocyte count lead to 
the conclusion that higher lipid incorporation in diet increases 
immature rather than mature red cells in which haemoglobin has 
not been synthesized. The fall in the mean cell volume further 
confirms the fact that increased erythrocyiie coxmt was mainly 
due to increase in the number of immature red blood cell. The 
decline in the mean cell haemoglobin and mean cell haemoglobin 
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concentration in blood may also be explained in the light of 
the above fact. Hardig and Hoglund (1983) observed that in 
Baltic salmon, Salmo salar, no correlation existed between 
haemoglobin and the immature red cell but a positive correlation 
did exist with the mature cells. The fall in the mean corpuscular 
constants also resulted in anemic condition in H. fossilia. A 
more or less similar haematopoietic response observed in C. oarpio 
was ascribed by Hilge (1979) to higher fat level in diet. 
The decline in serum protein content observed in fiah 
receiving high lipid content diet may also be the result of 
increased lipogenesis at higher lipid intake. Presumably, at 
higher lipid intake a larger proportion of blood lipid combines 
with globulin to form lipoprotein. That cholesterol may also be 
contributed through exogenous sources in fish is evident from 
the higher serum cholesterol values observed in H. foasilis with 
higher dietary lipid intake. A corollory to this finding is 
apparent in the work of Parrell and M\mt (1983) >iho observed 
higher blood cholesterol level in ^. salar fed on high (20/^ ) 
fat diet. 
SUMMARY 
The effects of feeding different levels of dietary lipid 
were examined on the growth, feed conversion efficiency and 
haematology of the catfish, H. fossills. A limited improvement 
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in growth and the conversion efficiency was noticed with higher 
levels of dietary lipid intake. There was, however, a greater 
deposition of fat in the muscle of the fish fed higher lipid 
levels in diet. The haematological characteristics of the fish 
was also found affected with different levels of dietary lipid. 
.The erythrocyte cormt and the erythrocyte sedimentation rate 
increased with higher lipid intake, vdiereas the haemoglobin, 
haematocrit euid white blood cell count showed a decline. A 
marked decrement was also noted for mean corpuscxilar constants 
and serum protein content of the fish fed the higher lipid content 
diet. The serum cholesterol content, on the other hand, increased 
with the dietary lipid. The significance of the observed changes 
has been discussed. 
TABLE - I. Ingredient compoaition of test diets 
Dietary lipid level 
(g /200 g d i e t ) 
= = = = = = = = = = = = = = = = = = = = = : 
Gela t i n 
Casein 
Amino ac id mix tu re* 
Dext r in whi te 
Cod l i v e r o i l 
Com o i l 
Minera l mix. *' 
Vitamin mix. 
Carboxy methyl 
c e l l u l o s e 
* TA 
:========= 
6.150 
24.620 
15.540 
31.690 
2.000 
5.000 
4.000 
3.000 
10.000 
Q% 
============: : 
6.150 
24.620 
13.540 
30.690 
2.086 
5.714 
4.000 
3.000 
10.000 
15% 
====:=:=:=:=== 
6.150 
24.620 
13.540 
23.690 
4.286 
10.714 
4.000 
3.000 
10.000 
19% 
: = = = = = = = = = = = = = = 
6.150 
24.620 
13.540 
19.690 
5.429 
13 .571 
4 .000 
3.000 
10.000 
Water 100 100 100 100 
For details of amino acid, mineral and vitamin mix refer to 
Chapter I, Table I. 
TABLE - II. Growth and feed efficiency of H. fosailis at various 
dietary lipid level 
Diets 
II III IV 
Average i n i t i a l wet weight(g) 12.042 11.458 11.500 11.833 
Average f i n a l wet weight (g) 
Live weight gain (*/ 
Specif ic growth r a t e {%) 
Pood conversion r a t i o 
Gross growth eff ic iency 
14.625 
21.409 
0.538 
4.884 
0.206 
14.083 
22.915 
0.573 
4.604 
0.217 
14.458 
25.723 
0.636 
3.944 
0.253 
15.000 
26.762 
0.658 
3.789 
0.264 
Survival 100/^ 
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TABLE - V. Serum protein and cholesterol levels of H. fossllle 
at various dietairy lipid level 
Diets 
II III IV 
Serum protein 4.076 3.811 3.476 3.146 
(g/100 ml) 4-0.180 +0.165 +0.060 +0.089 
(N.S.) (N.S.) (P^0.05) 
Serum cholesterol 206.762 228.711 266.891 291.237 
(mg/100 ml) +4.901 +8.786 +5.299 +8.776 
(N.S.) (P^0.001)(P^10.001) 
Mean + S.E. 
Diet I , used as control; diet II-IV as experimental for t - tes t j 
n=9. 
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CHAPTER Viil 
CHAPTER - VIII 
THE EFFECTS OF DIETARY LIPID SOURCES ON THE GROWTH AND HAEMATOLOGT 
OP THE CATFISH, HETEROPNEUSTES FOSSILIS BLOCK 
.INTRODUCTION 
Dietary lipid, being a source of essential fatty acids, play 
an important role in the energy production processes of animals, 
and also as carrier of certain non-fat nutrients, notably the fat 
soluble vitamins A, D and K. Recent studies have demonstrated 
that the requirements of essential fatty acids of fish differ 
considerably from species to species (Watanabe, 1982; Stickney, 
1984; and New, 1986), though most fish are knovm to require dietary 
fatty acids of the linolenic family {CO-z series) for maximum growth 
and feed conversion, and these are essential for the maintenance 
of good health and promotion of rapid growth (Lee et al., 1967j 
Gastell et al., 1972; Yu and Sinnhuber, 1972, 1979; Watanabe et al., 
1975; Yone, 1978; Hardy et al., 1979; and Reinitz and Yu, 1981). 
Effect of oils and their efficacy, singly and/or in combination, 
as supplemental dietary lipid and the requirements of essential 
fatty acids have been extensively studied in various fish species 
(Yingst and Stickney, 1979; Takeuchi £t ^., 1980, 1983; Watanabe, 
et al., 1981; Dosanjh et ^ ., 1984; and Hartfiel et al., 1984). 
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The p r e s e n t i n v e s t i g a t i o n was under t aken to e v a l u a t e t h e 
e f f e c t s of d i f f e r e n t d i e t a r y l i p i d sou rces on t h e growth and 
haematology of the c a t f i s h , H. f o s a i l i s , 
MATERIALS AND METHODS 
The f i s h (average t o t a l l e n g t h 13 + 0 . 1 cm; average t o t a l 
weight 1 0 . 8 + 0 .4 g) ob ta ined from t h e p r e v i o u s l y a c c l i m a t i z e d 
s tock were randomly placed i n g l a s s aquairia (60 x 28 x 30 cm) a t 
a s tock d e n s i t y of 12 f i s h p e r aquarium. They were fed semi -
p u r i f i e d d i e t s , each con ta in ing a cons t an t l e v e l of o i l a s d i e t a r y 
l i p i d source (Table I ) . Diet I , c o n t a i n i n g a mix ture of cod l i v e r 
and corn o i l s , was taken as t h e c o n t r o l a g a i n s t t h e expe r imen ta l 
d i e t s I I , I I I and IV t h a t con ta ined cod l i v e r , l i n s e e d and coTsn 
o i l s , r e s p e c t i v e l y , as l i p i d s o u r c e s . D e t a i l s of o t h e r d i e t a r y 
i n g r e d i e n t s and the method of p r e p a r a t i o n of t h e d i e t have been 
given i n t h e p r e v i o u s c h a p t e r s . The average wa te r t empera tu re 
dur ing the f e e d i n g t r i a l was 22+l°C. The f i s h were fed t i l l 
s a t i a t i o n d a i l y a t 17.00 h on a r i g i d s c h e d u l e . 
A f t e r a 6-week feed ing t r i a l , t he growth paramete rs were 
measured and the f i s h s a c r i f i c e d fo r c o l l e c t i o n of blood and muscle 
samples . The methods of e s t i m a t i o n were t h e same as g iven e lsewhere 
( s e e under General Methodology) . The f r e e f a t t y ac id composi t ion 
of d i e t a r y o i l s (Table I ; F i g s . 1-3) were de termined throvigh gas 
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liquid chromatography using the techniques as suggested by cairistie 
(1973). Details of the techniques have been given under General 
Methodology section (page 21-22). 
RESULTS 
» 
Results concerning the effects of various dietaiy l i p id 
sources on the growth, food conversion factor, gross growth 
efficiency and specific growth rate percent of H. fos s i l i s over 
the 6-week feeding t r i a l have been summarized in Table I I and 
shown graphically in Pigs. 4-5. The average l ive weight of f ish 
increased l inear ly on the i r i n i t i a l weight in groups fed the 
control as well as experimental d i e t s . The maximtim gain was noted 
in fish fed the control diet (diet I ) containing a mixture of cod 
l ive r and com o i l s . The growth rate of fish fed th i s -d ie t was 
found superior to fish fed the other three d i e t s . Growth was 
s l ight ly depressed in fish fed diet I I , containing only the cod 
l i ve r o i l , while i t was low and poorer in fish fed d ie ts I I I and 
IV, containing vegetable o i l s as the l ip id source, the lowest being 
in fish fed diet IV that contained the corn o i l . The values of 
the gross growth efficiency were found more or less comparable 
in f ish fed diets I and I I . These were, however, re la t ive ly low 
in fish fed die ts I I I and IV. A similar pattern was observed for 
the specific growth rate of fish fed diets with different l ip id 
sources (Table I I ) . In terms of conversion efficiency, the best 
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conversion was noted in fish fed diet I but conversion values were 
low in stocks fed diets III and IV, the poorest being in fish fed 
the com oil contained diet (diet IV). 
Results concerning the effects of dietary lipid sources on 
the haematology of H. fossllis have been presented in Tables III-V 
and plotted in Figs, 6-8, The haemoglobin concentration was found 
to vary with various dietary lipid sources. The maximtun concen-
tration of haemoglobin was noted in the group fed diet I. The 
values were low in fish fed diet II, while a distinct decline was 
seen in the fish fed diets III and IV (Pig. 6), the fall being 
more significant i?^0*01) with the latter than the former(P«£i0.05) 
diets. A fall in haematocrit was similariy observed in fish fed 
the three experimental diets. The difference between the haemato~ 
crit values of the fish fed diets I and II was insignificant, but 
was significant (P<:o.Ol) in the fish fed diets III and IV. The 
erythrocyte count was also observed to be affected by diets supple-
mented with different dietary lipid sources. As can be seen from 
the data (Table III; Pig. 6), the erythrocyte count was maximum 
in fish fed diet I. No significant difference was seen in the 
erythrocyte count of fish fed diet II. A distinct fall in the 
erythrocyte count, however, occurred in fish fed diets III and IV, 
with the decline being more significant (P<0.02) with the latter 
diet. The erythrocyte sedimentation rate, on the other hand, 
showed almost the opposite effects. It increased in fish with 
diets II-IV and recorded the lowest with diet I. The rise in the 
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erythrocyte sedimentation rate in the fish fed diet I was low and 
insignificant. Maximum increase occurred in fish fed diets III 
and IV, and this was more distinct and significant in female 
(P<0.001) than in male (P<10.05) fish fed on diet IV. The white 
blood cell count of fish was not found markedly affected by various 
dietary lipid sotirces. The counts were more or less constant in 
» 
f i sh fed d i e t s I and I I . A s l i g h t and i n s i g n i f i c a n t f a l l was 
observed in the white blood c e l l count of f i s h fed d i e t s I I I and 
IV (Table I I I ) . 
The da ta on the mean corpuscular constants of f i sh have been 
given in Table IV and p lo t t ed in F i g . 7 . The mean corpuscular 
constants were more or l e s s constant in the various f i sh groups 
fed the experimental d i e t s . A s l i g h t f a l l noted i n the mean c e l l 
voliune, mean c e l l haemoglobin and mean c e l l haemoglobin concentrat ion 
of f i s h fed d i e t s I I I and IV was, however, fotind i n s i g n i f i c a n t . 
The va r i a t i ons in the haematological c h a r a c t e r i s t i c s of f i s h 
fed d i e t s with d i f f e ren t l i p i d sources did not seem to show any, 
appreciable sex - re l a t ed d i f fe rence , the e f fec t s i n the two sexes 
being more or l e s s comparable. 
The e f fec t s of d i f f e r en t d ie ta ry l i p i d sotirces on blood 
serum pro te in and choles te ro l of f ish have been evaluated euid 
shown in Table V smd P ig .8 . The serum pro te in concentrat ion 
increased s i g n i f i c a n t l y (P<10.05) in f i sh fed d i e t I I , but declined 
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i n f i s h fed d i e t IV. The f a l l i n serum p r o t e i n was low and i n s i g n i -
f i c a n t i n t h e f i s h fed t h e v e g e t a b l e o i l supplemented d i e t s . An 
i n v e r s e r e l a t i o n s h i p was ev iden t between serum p r o t e i n and c h o l e s t e r o ] 
l e v e l s of f i s h fed the v a i i o u s l i p i d source d i e t s . A s i g n i f i c a n t 
( P < 0 . 0 2 ) f a l l to t h e ex t en t of 18% was observed i n the semim 
c h o l e s t e r o l con ten t of f i s ^ fed d i e t I I over t h o s e fed d i e t I . 
This was i n c o n t r a s t to a s i g n i f i c a n t (P< 0 .05) r i s e i n s e n m 
c h o l e s t e r o l l e v e l of f i s h fed d i e t s I I I and IV. The f i s h fed 
d i e t IV r e g i s t e r e d almost 24^ r i s e i n i t s serum c h o l e s t e r o l . 
DISCUSSION 
The r e s u l t s of t h e p r e s e n t s tudy showed t h a t t h e c a t f i s h , 
H. f o s s i l i s , fed t h e c o n t r o l d i e t c o n t a i n i n g a mix tu re of c o m and 
cod l i v e r o i l s as t h e l i p i d sou rces r e g i s t e r e d the maximtun growth 
over t h e pe r iod of f eed ing t r i a l . The c o m and cod l i v e r o i l s 
c o n t r i b u t e d t h e maximum q u a n t i t i e s of dO^tiOg f a t t y a c i d s i n t h e 
d i e t (Table I ) . A s l i g h t s u p p r e s s i o n i n the growth obseirved i n 
f i s h fed d i e t t h a t con ta ined only cod l i v e r o i l as d i e t a r y l i p i d 
source i n d i c a t e t h a t , a l though t h e cod l i v e r o i l s u p p l i e d a l a r g e 
q u a n t i t y of long chained h i g h l y p o l y u n s a t u r a t e d f a t t y acidCCJjjHUPA), 
t he s p e c i e s prestimably r e q u i r e s f a t t y ac ids both o f ^ , and CO g 
s e r i e s f o r f a s t e r growth. P o o r e r growth i n f i s h fed d i e t s c o n t a i -
ning v e g e t a b l e o i l s , such as l i n s e e d and c o m o i l s , a s t h e l i p i d 
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sources, points to the fac t t h a t polyunsaturated f a t t y acids are 
more e s s e n t i a l l y required by the f i sh for growth increment. However, 
as has already been mentioned the e s s e n t i a l f a t t y acid (EPA) requ i re -
ment of f i sh d i f f e r considerably from species to spec ies . Rainbow 
t r o u t i s reported to require f a t t y acid of the l i n o l e n i c family(6J , ) 
as EFA, whereas carp, ee l and chum salmon needed not only l i n o l e n i c 
but also l i n o l e i c acids fo r good growth. On the o the r hand, these 
f a t t y acids were found to be non-essen t ia l for red sea bream, p la ice 
and ye l lowta i l of marine o r i g i n and ^ , HUPA^such as 20:5Ci)- and 
22t6C0-,, were most e f fec t ive as EPA for these f i shes (Wat anabe, 1982). 
Takeuchi and Watanabe (1977) found best weight gain and feed con-
version in f i sh receiving a d i e t with both l2 18i2 6Jg and 1 8 : 3 ^ 5 
f a t t y ac ids . Arai e t a l . (1971) have observed t h a t a mixture of 
com/cod l i v e r o i l in 2:1 r a t i o was most favoturable for the growth 
of e e l . I t has been emphasized tha t f i sh l i v e r o i l was e f fec t ive 
in enhancing growth and improving feed conversion in most f i s h 
species (Furukawa e t a l . , 1966; Tsukahara et a l . , 1967; Stickney 
and Andrews, 1972; and Yone, 1978) which apparently may have var iab le 
requirements f o r d i f f e ren t EPA. The mechanism of t h i s growth 
s t imulat ing ef fec t i s unknown but e a r l i e r workers a t t r i b u t e d t h i s 
to the presence of fa t soluble vitamins (Honjo, 1965), phospholipids 
( P h i l l i p s e t a l . , 1963) and polyunsaturated f a t t y ac ids (Higaahi 
et a l . . 1964} Kaneko et a l . , 1967) in f i sh l i v e r o i l . Lee e t a l . 
(1967) obtained reduced growth when t rou t were fed com o i l as the 
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sole l i u i d source but growth increased when l i no l ena t e or salmon 
o i l were added. Jauncey (1982a) c i t e s a report ind ica t ing tha t 
channel ca t f i sh grow equally well on 60 g (o l ive o i l ) or60_ 
(menhaden o i l ) sources, while Mi l l ik in ( l982a) , quoting the above 
and o ther workers, s t a t e s t ha t h igher gix)wth r a t e s of channel 
ca t f i sh fed menhaden o i l demonstrates a d i e t a ry requirement fo r 
(^ s e r i e s f a t ty ac ids . The d i f ferences observed between the 
n u t r i t i v e value of cod l i v e r and corn o i l s v i s - a - v i s f i sh growth 
could be a t t r i b u t e d , to an ex ten t , to di f ferences in t h e i r f a t t y 
acid composition. 
Linseed o i l , which i s about one-haLf l i n o l e n i c acid, was 
the only plant o i l t ha t was foiond to contain a s ign i f i can t l eve l 
of 1 8 : 3 0 , f a t t y ac ids . However, the growth of H. f o s s i l i s fed 
d ie t t h a t contained l inseed o i l was i n f e r i o r to f i sh fed d i e t s 
containing a mixture of cod l i v e r / c o m o i l or cod l i v e r o i l a lone. 
Thus, the ca t f i sh , H. f o s s i l i s , did not seem to u t i l i z e 18:360, 
f a t t y acids as e f f i c i e n t l y as do o ther f i shes . Stickney and 
Andrews (1972) have found tha t channel c a t f i sh , a warmwater f i sh 
spec ies , also did not u t i l i z e 1 8 : 3 ^ 3 ^^ e f f i c i e n t l y as did the 
salmonirls. In addi t ion , i t was shown tha t 2 0 : 5 ^ 5 and 2 2 : 6 C J , 
had the same growth enhancing effect and tha t both the highly 
unsaturated f a t t y acids had a b io logica l and EPA eff ic iency 
higher than tha t of 18:3CJ3 (Takeuchi and Watanabe, 1976, 1977). 
The effect of EPA of 60 , HUPA was a lso examined in many f i s h 
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species and it was pointed out that the supplemental effect of 
0.5/^  20:5<^3 ^ ^ ^'^?o(^-^ HUFA mixture (20:5^5 1 22:6W^ = 1:1) 
exceeded the growth slightly over that of 1% 18:3^3 (Takeuohi 
and Watanabe, 1911). These findings further strengthen the fact 
that poorer growth as observed in H. fossilis with linaeed oil as 
the sole dietary lipid source, containing large concentration of 
18:3^3, ^^^ mainly due'to its lower biological efficiency compared 
to that of 22:560, and 22:6(^ )3 fatty acids reportedly contained in 
the cod liver oil. 
The blood profile of H. fossilis was also found to be consi-
derably affected with different types of dietary lipid sources. 
The maximum haemoglobin concentration observed in the blood of 
fish supplied with a mixture of cod liver/com oil as dietary lipid 
may be related to their higher growth rate. This relationship has 
also been commented upon in earlier chapters. A higher concen-
tration of haemoglobin and erythrocyte count in fish fed on cod 
liver than in those fed on vegetable oils as dietary lipid sources 
might be attributed to higher intake of long chain and highly 
polyunsaturated fatty acids which may stimulate both haemoglobin 
biosynthesis emd erythropoiesis. The variation in the haematocrit 
seemed more or less related to erythrocyte count and plasma volume. 
The decline in the haematocrit in fish fed vegetable oil contained 
diets co\ild either be due to increased plasma volume or decreased 
formation of red blood cell. Purukawa et^ aX. (1966) and Tsukahara 
et al. (1967) have observed that yellowtail grew better, had higher 
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red cell covmts, haematocrit and haemoglobin, and showed better 
feed conversion when fed diet that contained cod liver oil, 
containing a larger amount of long chain HUPA of 6J , series, in 
contrast to the diet that contained vegetable oil (com oil) 
having higher concentration ofCOg fatty acids. The fall in the 
erythrocyte rate obse-rved in the fish fed diets containing mixture 
of cod liver/com oilj and cod liver oil, in comparison to those 
fed diets containihg vegetable oil, coiild be a consequence of 
several interlinked factors, such as increase in the red blood 
cell to plasma, biosynthesis of large quantities of protein, 
consequential higher plasma viscosity, etc. 
Higher serum protein concentration in H. fossilis supplied 
with diets containing cod liver alone or a mixture of cod liver/corn 
oils as the lipid source could as well be related to increased 
growth rate of fish. Sano (I960) has likewise attributed higher 
serum protein level in rainbow trout to its growth rate. The 
role of dietary fat in altering the level of blood cholesterol 
has been looked into in several fish species (Shreni, 1979; 
Farrell and Hunt, 1983). Existence of a feedback mechanism has 
also been pointed out in teleostean fish (Siddiqi, 1966). It is 
known that ingested saturated fatty acids raise the blood choles-
terol level, while polyunsaturated fatty acids lower the level of 
cholestejMl in the blood. The lowest serum cholesterol level 
observed in f 1 sh fed diet containing cod liver oil as the sole-
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dietary lipid source coiild be ascribed to a fairly low concen-
tration of saturated acids, together with a hi,a;h content of 
polyunsaturated acids contained in the cod liver oil. The higher 
serum cholesterol in fish fed vegetable oils as dietary lipid could 
likewise be related to their having a higher concentration of 
saturated fatty acids. 
SUMMARY 
The nature of dietary lipid source affected the growth and 
blood profile of the catfish, H. fosailis. Maximum growth and 
better conversion efficiency were observed in fish fed diet 
containing a mixture of cod liver and com oils as the lipid soTirces. 
A slight suppression in growth was evident in fish fed the cod liver 
oil contained diet but growth of the fish was much lower with vege-
table oils as the lipid source in diet. The haematological 
parameters were also fo\md to be considerably affected with various 
dietary lipid sources. Maximal values of haemoglobin, haematocrit 
and erythrocyte count were observed in fish fed diet containing 
cod liver/com oil mixture, though a distinct fall in the above 
haematological parameters was evident in fish fed the vegetable 
oils contained diets. The white blood cell count and mean corpus-
cular constants seemed more or less unaffected by dietary lipid 
sources. Increased erythrocyte sedimentation rate was, however, • 
noticeable in fish fed the com oil and linseed oil contained 
- 113 -
diets. The serum protein content was maximum in fish fed diet 
containing cod liver oil as the sole dietary lipid source. 
Higher cholesterol level was encountered in fish supplied with 
diets containing vegetable oils as dietary lipids. Serum 
cholesterol declined in fish fed the cod liver oil contained 
diet. The significance of the observed variations has been 
discussed. 
TABLE - I. Fatty acid composition {%) of oils 
God liver oil Com oil Linseed oil 
Myristic acid 
Palinitic acid 
Pal±nito oleic 
Stearic acid 
Oleic acid 
Linoleic acid 
Linolenic acid 
Unidentified 
Unidentified 
(14:0) 
(16:0) 
acid (16:1) 
(18:0) 
(18:1) 
(18:2) 
(18:3) 
6.155 
12.310 
7.422 
-
39.920 
6.788 
1.697 
17.198 
8.510 
-
24.260 
-
-
39.300 
34.130 
2.300 
-
— 
-
9.457 
-
5.137 
26.386 
12.430 
46.584 
-
- • 
TABLE - II. Growth and feed efficiency of H. fossilia fed diets with 
various lipid sources 
Diets 
II III IV 
Average i n i t i a l wet weight(g) 12.042 10.625 10.333 10.292 
Average f i n a l wet weight (g) 14.625 12.750 12.083 11.937 
Live weight gain (%) 21.409 20.015 16.920 15.990 
Specific growth r a t e (%) 0.538 0.507 0.434 0.412 
Pood conversion r a t i o 4.884 5.649 6.801 7.302 
Gross growth ef f ic iency 0.206 0.177 0.147 0.137 
Survival 100/ "/ 
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TABLE - V. Serum protein and cholesterol levels of H. fossilla fed 
diets with various lipid sources 
Diets 
4.076 
+0.180 
4.965 
+0.080 
4.109 
+0.075 
3.753 
+0.113 
I II III IV 
Sertim p r o t e i n (g/lOO ml) 
.  
( P < 0 . 0 5 ) (N .S . ) (N.S . ) 
Serum cholesterol(mg/lOO ml) 206.762 170.057 2^7.748 255.086 
+4.901 +5.052 j^^O.115 +10.175 
(P<:0.02)(P^0.05) (P^0.05) 
Mean + S.E. 
Diet I used as control, diet II-IV as experimental for t - tes t ;n=9. 
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